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/ABSTRACT 



Title of Dissertations The Effect of Intensive Instruction in 

Hypothests Generation Upon the Quantity 
and Quality of Hypotheses and the Quantity 
and Diversity of InforTnatiQn Search Questions 
Contributed by Ninth Grade Students 

Chriy Aeiiiil Poulerj Doctor of Philosophy, 19 76 

Dissartation dLrected byi Emmett L, Urlght^ Ph.D* 

Assistant Professor 
Secondary Education 

The purpose of this investigation was to: 

a. compare the effects of various hypothesis generation 
intensive instruction procedures on the ability of 
ninth grade students to generate written hypotheses and 
information search questions about a discrepant events and 

b. determine If students, who have received hypothesis generation 
intensive Instruction in a setting free of peer interactions, 
exhibit a greater diversity of questions during a group 
discussion and greater written hypothesis generation 
behaviors after the discussion* 

The subjects— seleGted from all the ninth grade Intact science 

classes of a suburban Junior high school— were assigned to either a 

control group or one of four Intensive instruction groups. The 

procedures for each Instructional group Included: 

a, watching the intensive instruction discrepant event until sIk 
acceptable hypotheses were written, and 

b, individual discussions during which the inveetlgator evaluated 
each of the six hypotheses by one of the following prsdetermined 
standards i 

1* differentiated reinforcement and criteria group— depending 
on the level of acceptability for each hypothesis | the 
student was both positively reinforced (good, very good^ 
excellent) and told the arlteria for good hypotheils formation. 



2. undif f ex^entiated reinforcement and criteria grQiip"^--af ter 
each acceptable hypothesis, the student: was only told the 
criteria for good hj^pothesis formation, 

3. differentiated reinforcement only gtoup^^-depending on the 
level of acceptability for each hypothesis ^ the student t^ras 
positively reinforced (goodi very good^ excellent) p and 

4. undifferentiated reinforcement only group-^^'had to generate 
sIk hypotheses (of any quality) each of which ^as accepted 
without positive reinforcement. 

During the intensive instruction sessions, the subjects were 

shown discrepant events selected from the set of Inquiry Developnient 

Prograrn Films, Upon completion of the instructional sessiOM, ^11 

the experimental groups were shown another discrepant event and were 

requested to write as 'nany hypotheses as possible. Then an additional 

film was shQl^Tn and the participants were requested to write as many 

questions as possible which solicited information to help eKplain the 

discrepancy* Five days later each exiperimental group participated in a 

discussion where they observed another discrepant event filni and^ then 

had the opportunity to voluntarily ask questions of the investigator about 

the discrepant event. All questions were only answered x^ith yes or no, 

Mter twenty questions * the discussion was terminated and the students 

were requested to Individually write hypotheses that might eKplain the 

discrepancy * 

The seven dependent variables determined by this study were I 

a, both the quantity and quality of written hypotheses 
following intensive instructionj 

b, both the quantity and dlvarsity of written inforiflation 
search questions following intensive instruction, 

c, the diversity of information search queftlona during 
the group discuss ion and 



d* both Che quantity and quality of written hypotheses 
after thi_ group discussion , 

The conclusions included the following ^ 

a. Differentiated reinforcement' — as an intensive instruction 
method--=-is responsible for a higher quantity of written 
hypotheses after intensive instruction than the Instruction 
t/iethod which involves no intensive instruction. 

b. Participants who received intensive inBtruction t^hich 
emphasized either differentiated reinforcement, criteria 
or both generated a higher quality of written hypotheses^ 
following intensive instruction^ than participants who 
raceived undifferentiated reinforcement or no intensive 
instruction, 

G* No forni of hypothesis generation intensive instruction 
irAproves the participants' ability to generate a greater 
quantity o:" diversity of written information search quescions 
following intensive ins truction • 

d* Differentiated reinforcement only—as an intensive instruction 
Condi tion^--is responsible for a greater quantity of written 
hypotheses than no intensive instruction following the 
group discussion. 

e. Criteria as an Intensive instruction method is respotisible 
for a higher quality of written hypotheses^ after the 
group discussion, than the instruction method of 
undifferentiated reinforcement or no intensive instruction, 

f. And, in the presence of the group discussion, diversity 
of oral information search questions is not significantly 
improved by hypothesis generation intensive instruction. 



9 



11 



This author wishes to acknowledge the following individuals who 
have directly contributed to the completion of this research study, 

1. Dtp Emmett L. Wright for spending maiiy hours as a consis teiitly 
excGllent advisot. 

2. Drs . John Carr, Harris H* Lindar, J, David Lockard and 
William D* Schafer for serving not only as members of the final 
eKaiaining coimxlttee but for raking the time to offer useful suggestions 
and wortliwhile advice^ 

3. Dr. kim C, Gross I Director of Research and Evaluation for the 
PriiiGu Goorge *s County Public SchoolSj and her enthusiastic assistant, 
Dr* Elwood Lob, for their friendly and sincere desire to help implanent 
t ds study in the Prince George -s County Public Schools* 

4* Mr. George W. Andersonp Jr, p Principal, and Mr, Karl Taschenbarg 
Vice Principal^ of Frederick Sasacer Junior High School for allowing 
this study to utilise their excellent school* 

5, Miss Nancy Douglas and Mrs • Jo Norrls not only for allowing ma 
to utilise their classes but also for their genuine interest in 
proinotlng science education* 

6, And, finally the students who participated in this study. 



10 



TABLE OF CONTENTS 



ACKNOWLEDiMiNTS ' 

LIST OF TABLES . - • * 

LIST OF FIGURES ^ * * 

I, m INTRODUCTION 

Need for the Study 

The Reraarch Problem * * , * . . 

Hypotheses * ^ * • • 

Quantity of Written Hypothesis 

Generation Following Ixitenslve Instructioii . . • 
Quality of Written Hypothesis 

Generation Following Intensive Instruction . . . 

Quantity of Written Information Search 

Questions Following Intensive Instruction . * * 

Diversity of Written Information Search 

Questions Following Intensive Instruction . • * 

quantity of Written Hypothesis Generation 

After the Group Discussion 

Quality of Written Hypothesis Generation 

After the Group Pis cuss ion 

Diversity of Information Searoh Qusstlons 

During the Group Diseusslon * * * 

Performance In Hypothesis Generation After 
the Group Discussion Using Prsvlous Hypothesis 
Generation EKperience as a Covarlable ... * 

Definitions of Terms 

Major Definitions 

Minor Definitlona , , t * * . . * 

Assumptions 

Limitations of the Study 

SuMary » # * 

li . A REVIEW OF THE LITERATURE * * * * 

Hypothesis Generation ^ * ^ 

Student Development and Hypotheslg Genaratlon 
Single or Multiple Hypothasls Generation . , . 

Specific Approaches Which Encourage 

Hypothesis Generation 

Specific Instruction Studies In Hypothesis 
Generation Directly Applicable to the Classroom 



11 



1^ 



Uiqulry Developmenf: Program 34 

InquLry Instruction md Hypothesis 

Generation in the Classrooni 36 

Intensive Instruction and Eypo thesis 

Generation in an Individualized Setting 37 

Related Studies 40 

General Ideas ^ 40 

Instiuction in liypothesls QeneratiDn 42 

Intensive Instruction Methods for 

Coricept: Attainment 45 

Surnmary of Related Studies * 49 

Relationship Between hypothesis Genemtion 

and Creativity * . 50 

Inquiry Training and Creativity 50 

CTeativity'-"In General * . * , 51 

Creativity and Classrooiri Activities 51 

Summary of Ii-iportant Findings . . , 52 

III. PROGEDUHES 54 

Design ot the ^3 tudy i i. • 5^ 

Initial Investigation t * ^ * 60 

Population * 60 

S tliinjli Presented i ^ * 61 

Itypothssis Generation I^itensivc lastruction 62 

Obtaining Dapandent Variables 6? 

Hypotheses and Questions Following 

Intensive Instruction , , » 67 

Questions During a Group Discussion 

and Hypothesis Generation Afterward 69 

ilssessinent of the Dependant Variables 71 

Quantity of Hypotheses and Questions • * 71 

Quality of Hypotheses * , , . . 71 

Diversity of Questions * 72 

Correlation to the Measureineni: Scales 75 

Statistical Analyses , • - • . 75 

Summary • 76 

IV, FINDINGS OF THE STUDY 79 

Tachniques Utilized ^ ^ * • 79 

The Specific Contrasts * SO 

Tlie Research Hypotheses ,. * . i • SO 

Sumriiary of Results-^-Hypothesis Generation 

Folloi^ing Instruction Sessions , , * * 81 

Dependent Variable Oiie—Quanttty of Written 

Hypothesis Generation Follow'lng Intensive InstruttioTi 81 

Dependent Variable Tw— Quality of W^itteii 

Hypo thesis GeneratiDn FallOTing Intensive Lnatruc tiori 84 



12 



V 



Summary of ReiuLtS"--Inf ormattoii Search 

FaUoWlrig Intensive Instruction * • 88 

Dspeadant Variable Three—Quantity cf Written 
InfoTTmatton Search Questions Following 

Ititetislve Ins true tion * 88 

Dependent Variable Four— Diversity of Written 
Itafomstion Searcli Questlans FolLow'ing 

liite^slve Instruction • • 90 

Summary ofi Resulti—Hypothesls Generation 

FoU^wicig the Group BisQUislon i • 94 

Depetident Variable Flve--Quantity of Written 
Hypothesis Generation After tha Group Dlscussloa , * . 94 
Dependent Variable Six— Quality of Written 

Hypothesis Generation After the Group Dlscuisioa , , * 97 
Summary o£ Resaltg=--Dtverslty of Inforaatlon Search 

During the Group Discussion 101 

Sumni^ry □£ Results—Perf orrnance for Hypothesis 
Generation After Group Discusiton Uaing Previous 

E^cposurfi as a Covarlable , . . * # 103 

Summary of the Findings 105 

CONCLUSIONS, lOTLICATlONS, AND HECO^NDATIONS 107 

S^my 107 

PioceduTBS 

Cone Jus ions • HO 

lapLications 115 

Recocmemdstions 118 

AEPEJ^DIX 3— BA^STAL PEBMISSION LETTER 121 

4EPEUDIX 31— -DISCREPANT EVENT WllM QUESTIOMNAr RE 123 

4I'PE2JDIX III— H"SPOmESIS MD QUESTION EVALmTtON INFORMATION ... 125 

4EPEIJDIX 3V-- INEIVIDUAL VALUES FOR THE SIX WRITTEN 

DEPENDENT V4BIABLBS 130 

B3BL10C3RAIHY • ^^6 



13 



vi 



LIST OF T^LES 

Table Page 

1. Combinations of the Indapendant Variables 

and the CQntroI 54 

2. Group Intensive InstructlQn Sequeiice Utilising 
Individuals From Both Classei by ttia Period and 

^ay of the Study .««» 55 

3. Dlscussian Group Sequenae for Information Search 
Behavi&r Utilising Inteoaively Ingtructed 
ladividuale Proa Both of the Classes by the 

Period and Day of ^he Study 57 

4* The Informatlan Reaiived by Eaah Hypothesis 
Generation Intensive Instruction Group aad by 

the Control Group 64 

5. Hypotheals Quality Scale of Qulnn 72 

6. Dlvarslty of Information Search Question Scale 73 

7. Means and Standard Deviatloni for Each Intensive 
Instruction Group on the Quantity of Written 

Hypotheses Following Intenalva Instruotioti 83 

3. Fair-Wise Comparisons of the Experimental Groups for 
the Quantity of Eypothesis Generation Folloving 
Intensive Instruatlon , 83 

9 • Pair-Wise Analyses of iKperluental Group Data toz the 
Quantity of Written Hypotheses Following 

Intansiva Instruction 84 

10 I Means and Standard Deviations for Each Xntetislve 
Instruction Group on the Quality of Written 

Hypothesas Following InteMiva Instruction ««••«•••• 87 

111 Pair-Wisa Comparisons of tlie Es^srlmantal Groups 
for the Quality of Hypothesis Geniratloa 

Following Intansiva Instruction » . • • .« •»«•#• .i « 87 

12 « Pair*«Wise Analysts of EKparimental Group Data for 
Che Quality of Written Kypethesas Follo^ng 

Intensiva Ins true tion 88 



14 



vii 



Page 



90 

14, Palr--VJls6 Goraparleoiis of the EKperltaintal Groups 
for the Quantity of Information Search Questions 
Following Intensive Instruction * 91 

15 • Pair--V7iie iUnalyses of the Expcrlnnantal Group Data 
for the Quantity of Written Inf orniatlon Search 

Questions Following Intensive Instruction 91 

16* Means and Standard Deviations for Each Intensive 
Instruction Group on the Diveraity of Written 
information Search Queetions Followtng 

Intensive Inatructian » » • . i , . « , « '. . , • 93 

17* Palr^V71se Comparlsone of the Eicperlaent Groups 

for the Diversity of Information Search Questions 

Following Intensive Instruction 93 

18* Palif'-'Wlse Analyses of the EKperiraental Group 
Data for the Diversity of Information Searoh 

Queetiona Following Intensive Instruction * 94 

19 • Means and Standard Deviations for Each 
Experlinental Group on the Quantity of 

l^ritttn Hypotheses After the Group Discussion . . i i . . * 96 

20. Pair-^i^lae ConipariaQna of the Experimental Group 
for the quantity of Written HypotheatB After 

the Group Dls cussion « «..*y*. 96 

21* PalrHUse Analyses of Experimental Grsup .Data for the 
Quantity of I^rltten Hypotheses After 

the Group Discussion .«*««•«#»*•••••••••* 97 

22. Heane and Standard Deviations for Each 
E3£periraental Group for the Quality of ...^^^^^^^^^^^^^ ^^^^^^ ~ 
VJafltten Hypotheses After the Croap S 

23. Palr--Wls€ Comparisons of the Experlaantal Groups 
for the Quality of Written Hypothssli Generation 
After the Group Discussion. • • • . » • « « • ■ • • # * • 

24* Palr-^Wlse Analyses of Experimental Group, Data 
for the Quality of Written Hypothisss After 
the Group DlSQUealQn 

15 



Tahle 

13. Means and Standard Deviations for Each Intensive 
Instruction Group on the Quantity of Written 
Information Search Questions lollovlng 
Intinaive Instruction . . * « > i « . * i . « • . » 




. . 100 



, . lOO 



Table Page 

25. Malysis of Vaxiance for Diversity of Informatiori 

Search Questtons During the Group Discussion 102 

26* Pair-Wise A.nalysis of Data for Diversity of Information 

Search Duirtng the Group Discussion p ^ * , 102 

27, Pair-Wise Comparisons of EKperlmental Groups for the 
Quantity of Written Hypo thesis Gentration After the 
Group Discuasioii Using Previous Quantity of Written 
Hypotheses as a Covarlate * . , , • . , , . 104 



23, Pair-Wise Comparisons of Experimental Groups for the 
Quality of Written Hypothesis Generation After the 
Group Dlicussion Using Prevlouw Quality of Written 
Hypotheses as a Covariate ... * 104 



16 



LIST OF FIGUK'" 

Figure Page 
!• Relationship Between Dependent and Independent 

2, Diagram of the Research Design 59 

3. Statistical Aaalyses for Written Hypotheees 

and Questions «*,.*.*.t.i«t»««*i 78 

4- InteractiQii Graph of Treatments ..##«*«»«•»««« 86 



17 



CHAPTER I 



M INTRODUCTION 

I am myself a great lover of these processes on division 
and generalization; they help me to speak and to think* 

Socrates, 470-^399, BpC, 
Trom Dialogue to Phaedrns 

Both kno\^ledge and applicatloii of problem sDlviiis skills beaame 
important objectiv^es of science education for the developnient and, 
subsequent, introduction of Inquiry curricula during the late fifties 
and early slsctles. The Impact of these curricuja yas so great that 
massive science currlcular reform resulted by modifying Inetruction in 
such a way that students were tncouraged to acquire an understanding of 
the attitudes and processes of scientific inquiry (Gagnes 1963^ p. 152). 
Coaaequently^ the science classroom has beconie the center for actlvitier> 
which encDurage students to learn the principles of the various academic 
dlsclpllnee while simultaneously acquirlttg and applying problem solving 
skills. As the popularity and wideipread use of the inquiry approach 
increased, so did the number and diversity of eurricula available for 
both elementary and secondary ins taction. In fact, the trend has 
been especially apparent at the junior high level which has eKperianced 
an increaslag emphasis on dlscoveTy type Clnquli^) activities (Trowblrdg 
1974s p* 13). The future direction .'or inquiry curricula Is reflected 
bv recent curricula developments which included 
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a. the adaptation of the original physics inquiry program (PSSC) 
into an individualized format CFrledman, 1976, p. 15), and 

b. the devalopment of new inquiry curricula emphastzlng individuali- 
zation which pennlti content selection to be influenced by 
student interest, local relevance, and existing facilities 
(Burkman, 1974, p. 30) . 

Since activities which require problem solving skills comprise an 

important aspect of contemporary and future science instruction, it 

appears worthwhile to Investisate mathods which may improve the 

acquisition and ucllization of the basic inquiry skills. 

Inquiry Instruction encourages students to discover facts of 

causality through their own initiative and not to be dependent on 

explanations from teachers or other knowledgeable persons (PugUese, 

1973, p. 26). Essential among the basic inquiry skills is the ability 

to isolate variables leading to the generation of relevant hypotheses. 

In an attempt to Improve the ability to generate hypotheses through 

queotioning, Suchman (1961, p. 159) devised a schema which identified 

the stages that students must follow in order to adequately eKplaln an 

inconsistent scientific event. These stages includes 

a. episode analysis-where the facts of the Event are verified, 

b. deterainatlon or relevance--whera the necessary conditions 
of relevance of variables are Isolated, and 

c. induction of relational constructs-which allows the formation 
of explanations about the event. 

From the schema, Suchman (1960, 1961, 1962b) developed an entire 

inquiry training program which was based upon inconsistent (or discrepant) 

events of physics caueality. During each inquiry aession, atudents obaexvtd 

a film and then volunteered individual questions, as part of a group 

discussion effort, to isolate the variables of the event and explain the 

19 " 



causality* A scale , based on the schemai ^as then utilized by Suchnian 
to claaelfy the questionts into categories. Suclman C1962b) discoverad 
upon completlori of the training progr^i the participants attained a 
greater acquisition of questioning skills than students not participating. 
Suchman'g work Illustrated that studenta can through classraom training 
improve their abll: ty to gather data by asking questions about the 
variables inherent within a problem* 

More recent researchp which considered various eKtensions of 
Suchman's workp has indicated that students can be Instructed to 
improve their ability to generate hypotheses* Qulnn (1971, 1972) * 
working with students from Intact sixth grade classrooms f found a greater 
quality of written hypotheses from those subjeots who received classroom 
instruction describing the components of a good hypothesis* The instruction 
consisted of a series of class discussions emphasiilng analysis of 
observations (made from a Suchman Inquiry Development Program Fllmi in 
terms of relevant variables and decrees of acceptable hypotheses as 
determined by a quality scale (see Table 5| pi 72). 

Working with students Individually In a setting reinoved from the 
classroom^ Wright (1974) found that ninth grade students Improved their 
verbal hypothesising ability when exposed to eithar of two forms of 
instruction. The instruction consisted of observing. a Suchman film and _ 
then, depending on the treatment group, the student was raqulrsd to desexibe 
seventy-five details or generate five hypptheses which corrSiponded to a : ■ ;\ 
predetermined level of acceptability • When a student submitted an acceptable 
hypothesis I he or she was reinforced by. an approving teOT as good* 

It is important to note that the reinforcement was differentiated in the f 
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sense that each approval cornment was intended to promote only one 
kind of response— the fomation of an acceptable hypothesis. No 
attempt was made to offer (a) undifferentiated reinf orcemerit which 
would inerely encourage the formation of hypotheses and (b) differentiated 
reinforcement (e.g. good, very goodj excellent) which would encourage 
the formation of a predetermined level of acceptable hypotheses. In this 
senaei undifferentiated and differentiated reinforcement could be utilized 
to develop various types of student responses - 

In sunimaryj Wright's work reinforced each student response and 
differed from Quinn's work in four ways* 

1. the instruction was inLdlvidualiEed so each student worked 
with the investigator and controlled the ainount of time that 
was necessary and Che number of times the film was observedi 

2. the criteria were not given for an acceptablt^ hypothesis, 

3. the effect of two formi of instruction (observing details and 
hypo thesis generation) upon hypothesis generation skills 
were Gompared, and 

4. the intensive instruction models which was employedi included 
a predetermined minimum of hypotheses or observations that 
had to be attained by each student. 

Suchinan^s original research, together with the work of Quinn and 

Wright I raties three questions iJhlch are worthy of further research i 

1, What is the difference between intensive instruction in 
hypothesis formation when only the criteria are given to the 
student and intenslva instruction in hypothesis formation 
when only differentiated reinforcement or both criteria and 
differentiated reinforcement are given? 

2, What effect will previous hypothesis generation Intensive 
Instruction have on a group discussion about a specific 
discrepant event? 

3, And, what effect will the group discussion have on the members 
of the ins true tad groups to subsequently generate hypotheees? 
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The first question is an attempt to define suitable means to imp rove 

hypothesis geaarating abilities in classroom settings. Further^ the 

answer can offer a viable addition ta already eKlsting sclMce instruction. 

The second and third questions are important since it ia advantageous to 

couple specific instruction with group interactions because ^ 

a- discussions are important as a learning approach In 
secondary schools, and 

b. most probleins of communities and society are solved in a 
social setting and It appears worthwhile to offer students 
the opportunity to practice group problem solving behavior. 

Also, group discussion may enhance previous hypothesis generation intensive 
Instruction and, therefore^ serve as an additional teaching strategy. 
Reaeareh that attempts to answer these questions would offer useful strategies 
for the teaching of science. 

The purpose of this study was to compare various forrtia of inteniive 
Instruction In hypothesis generation and, then, determine If students 
who have received instruction to improve their ability to formiilate 
hypotheses* in a setting free of peer interactions, were able to eKhlbiC 
an improved ability to ask a greater diversity of questioriS about a 
discrepant event during a group discussion and, then, write more hypotheaes 
of a higher quality to explain the event. 

Need for the Study 
The original innovators of the science Inquiry curricula based their 
work upon the premise that an understanding of the fundamental prlneipaai 
was ayfflalent to allow extrapolation of the necessary specifics (Brutieifi 
1971, p. 18). Coneequently, the instructional strategy of the resulting 
curricula emphasized an independent, systematic, emplrlcalp and Inductive 
approach t© science (Pugllese, 1973, p. 26). Therefoire, It appears logical 



to assume that students developed the cognitive skills of problein 

solving at the eKpense of developing the ability to express and share 

the skills they acquired. Along these lines ^ Babikian (1971), in a 

compariion of expository ^ laboratory and discovery methods of instruetion, 

found that students taught by inquiry were significantly less effective 

in the verbalization of scientific concepts* Thus, an important concern 

for curriculum designers of the future will be to incorporate group 

discussion activities which utilize acquired inquiry ikills # This research 

study was an attempt to provide evidence from which to design relevant 

actlvitiei in future curricula. 

Although Suchman (1961), Quinn (1971), and Wright (1974) 

illustrated that discussion is a feasible Initructlon method to 

increase problem solving skills , each researcher utilised a different 

approach. While Suchman and Quinn employed group techniques , Wright 

worked with each student individually. Since a major direction of 

science curriculum is presently individualization, there is need for 

research data which result from* 

a- a comparison of different methods of intensive Instruction 
for Improving process akille which allow students to 
work individually, and 

b. an assessment of the effect of the intenelvt inetructlon 
on group discussion behavior. 

In this way, the obtained findings could serve as a means to help 

students improve their ability to interact while utilizing prevloualy 

learned skills. Along these lines , Glasser (1969, p# 36), as a result 

of succeii with discussion groups in elementary schools i has reaoMended 

the teaching of critical thinking through group discuiilons from elementary 

to high schooli Specifically dealing with saience Inatruation, , 



Jarrigaii (1972) illustrated that spacific questions from readings 
could be employed to create worthwhile discussion when the class mambers 
atteinptedi as a gruapj to obtain an inswar. Therafore, a practical 
need exists for research that provides evidence that problem solving 
skills can be taught efficiently through individualization and, later 
utilized by students during a group discussion. 

Another important area of support for this study involves the 
lev^el of raental development of junior high students* Since the 
Inquiry approach emphasised the acquisition of problem solving skills , 
it seams only logical that students laust possess an appropriate mental 
development to adequately acquire and apply problem solving skills * 
Previous works with elementary and junior high students have dealt 
with discrepant events which ware clearly depicted on film, by deliberate 
actions of an experimenter and close up photography* so students could 
clearly recognize the problem and several variables (Suchman, 1961, pp. 150 
-51). By relating the variables * the students were required to perform 
mental operations which led to the developinent and utilisation of hypotuetico 
deductive reasoning as defined by Jean Piaget's level of formal operations 
(for further discussion see pp. 26-30). Thus, it is important to emphasize 
that findings from hypothesis generation studies could prove to provide 
the means to aid in the mental development of the student by eithtri 

a. sharpening inquiry skills which may already be present, or 

b. enhancing the development of basic inquiry skills not yet present. 
This conclusion is crucial since two recent studies — (a) Sayre and Ball 
(19 75) and (b) Lawson and Renner (1975) --have found that while soma aacondary 
atudents have achieved the level of formal mental operations,. 
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many students do not think on this level. Therefore, Investiiation into 
techniques that a Glassroom teacher could use to promote the development 
of formal reasoning is certainly worthwhile. In fact, the researchers 
mentioned above--(a) Sayre and Ball and (h) Lawson and Renner— strongly 
recommended that elementary and junior high curricula be designed to 
present perceivable problem solving eKperlences which will help students 
to develop the processes of formal operations* When the preceeding 
recoroinendation is coupled with the findings from previous inves tigatiane 
by Suchman, Quinn and Wright, the contention that basic inquiry skills Can 
be taught and that research is neGessary to determine the optimal method 
of instruction becomes apparent. 

In summary, Suchman (1962b) developed an effective method to 
help participants better assimilate data and generate hypotheses 
about a discrepant event. Further, Quinn (1971) and Wright (1974) 
devoted their efforts to the analysis of hypothesis training. Their 
findings have Indicated: 

a, instruction in hypothesis generation yields a higher ni^ber 
of hypotheses about= a discrepant event, 

b, instruction in hypothesis generation is effeGtlve in both 
intact classroom and individualized iituations, and 

c, there eKlst more than one effective method for hypothesis 
generation instruction . 

Unfortunately, none of the previous etudles have Included i 

(a) compariaons of different forms of individualized intensive instruction* 

(b) assessments of the value of prior individualized Inteniive instruction 
on group discussion behavior, or (c) assaasments of both previous 
individualized intensive Instruction and group dlscuislon on hypothasis 
generation. In essence, thle study attemptad to bridge the gap be ween 

25 



research fiiidtngs and classroom feasibility by further defining the methodi 
to proMQta problem solving capatilitiei , 



The Researeh PToblaiii 

One of the key elements lii the process of scientific imquiry 
is the generation of hypotheses that offer posalble escplaiiatlons lor 
the occurrence of a discrepant e\rerit , Basically, this mental operation 
iwol\res: (a) exposure to a probleifts (b) isolation of the reltvant 
variables 5 and (c) generation of hypotheees* 

This studv^ waa designed toi 

a* compare the effect of dlffertnt foms of hypethesiB genaratioa 
intsnsive instruction on the ability of studeats to generate 
hypotheses and ask questloni about a diacrapaiit events and 

detiTiftlne if students^ who have receiy-ed hy^pothsils generation 
Intansive instruction in a settlni free of peer Interactions, 
aie able to exhibit a gteatet dlv^erslty of questions dyeing a ^ 
group discussion and, thenp a greatsr ability to generate 
hypotheses about a discrepant eveiit, 



Hypotheses 

Quantity of Written Hypothesis Genemtlon 
roilDwlng Intenilve Instruction 

1* There is a differenea in the quantity of written hypotheses 

betveen the following groups ^l\t€ti raceive a form of instriictioa 
and the control group vhich receives no instruction! 

a, the differentiated reinf creanient and criteria 
group versus the control groups 

b. the unaiff erentiatid reinforcement and crltarla 
group versus the control group, 

c, the dlf ferentlatad reinfereemtiit only group 
versus the contrel greup^ and 

d. the ur(4i£ferentiated yeinf orceniint only group ; / 
versus the control grcup^ : : v 
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a. 



b. 



The effects of diff ei-entlated reinforcement and criteria are 
non- additive on the quantity of written hypotheses. 

There is a difference in the quantity of written hypotheses 
between the following groups which receive differentiated 
reinforcement as an Instruction condition and the following 
groups which receive undifferentiated reinforcement: 

the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement and criteria 
group, 

the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only group, 

c the differentiated reinforcement only group versus 

the undifferentiated reinforcement and criteria group, and 

d. the differentiated reinforcement only group versus 
the undifferentiated reinforcement only group. 

There is a difference in the quantity of written hypotheses 
between the following groups which are told the criteria for 
good hypothesis formation and the following groups which are 
not told the criteria for good hypothesis formation: 

a. the differentiated reinforcement and criteria group versus 
the differentiated reinforcement only group, 

b. the differentiated reinforcement and criteria group versus 
the undifferentiated reinforcement only group, 

c. the undifferentiated reinforcement and eriteria group 
versus the differentiated reinforcement only group, and 

d. the undifferentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only group. 



ality of Written Hypothesis Generation 
llowing Intensive Instruction 

5 There is a difference in the quality of written hypotheses 
between the following groups which receive a form of 
instruction and the control group which receives no Instruction. 

a. the differentiated reinforcement and criteria 
group versui the control group, 

b. the undifferentiated reinforcement and criteria 
group vsrsus the control group, 
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the differentiated rainf orcement only group 
versus the control group, and 



d. the undifferentiated reinforcement only group 
versus the control group. 

Tlie effects c£ differentiated reinforcement and criteria are 
non^additive on the quality of written hypocheses. 

There is a difference in the quality of written hypotheses 
between the following groups which receive differentiated 
reinforcement as an instruction condition and the following 
groups which receive undlf f erantiated reinforcements 

a, the differentiated reinf orcemant and criteria group 
versus the undifferentiated reinf orcemant and criteria 
group I 

b. the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only group * 

c. the differentiated reinforcement only group 

versus the undifferentiated reinforcement and criteria 
groups and 

d, the differentiated reinforcement only group versus the 
undifferentiated reinforcement only group. 

There is a difference in the quality of written hypotheses 
between the following groups which are told the criteria for 
good hypothesis formation and the following groups which are 
not told the criteria for good hypo thesis formation: 

a. the differentiated reinforcement and criteria group versus 
the differentiated reinforcement only group, 

b. the differentiated reinf arcGment and criteria group versus 
the undifferentiated reinforcement only group, 

c* the undifferentiated reinf orcemant and criteria group versus 
the differentiated reinforcement only group * and 

d. the undifferentiated reinforcement and criteria group versus 
the undifferentiated reinforcement only group. 



28 



12 



Quantity of Written Information Search Questions 
Following Intensive Instruction 

9 There is a difference in the quantity of written information 
' search questions between the fnllowing groups which receive 
a form of instruction and the control grouy which receives 
no ins tructiou: 

a. the differentiated reinf orcenenC and criteria ^group 
versus the control group » 

b. the undifferenciated reinforcement and criteria group 
versus the control group, 

c. the differentiated reinforcement only group 
versus the control group, and 

d. the undifferentiated reinforcement only group 
versus the control group. 



10. 



11. 



The effects of differentiated reinforcement and criteria are 
nor-additive on the quantity of written information search 
que& :ions • 

Ther- is a difference in the quantity of written information 
search questions between the following groups which receive 
differentiated reinforcement as an instruction condition and 
thi following groups which received undifferentiated reinforcement. 

a the differentiated reinforcement and criteria group _ 
vorsus the undifferentiated reinforcement and criteria 
group, 

b the differentiated reinforcement and criteria group 
vercus the undifferentiated reinforcement only group, 

c the differentiated reinforcement only group versus 
■ the undifferentiated reinforcement and criteria group, and 

d. the differentiated reinforcement only group versus 
the undifferentiated reinforcement only group. 

There is a difference in the quantity of written information 
search questions between the following Sroups^hich are told 
the criteria for good hypothesis formation and the following 
groups Sich ire lot told the criteria for good hypothesis formation. 

a. the differentiated reinforcement and criteria group versus 
the differentiated reinforcement only group, 

b the differentiated reinforcement and criteria group versus 
the undifferentiated reinforcement only group. 
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c. the undif Eerentiated reinforcement and criteria group 
versus the diff erennioted reinforcement only gruup, and 

d. the undifferentiated relnf orcemBnt and Griteria group 
versus the undif ferentiatad reinforcement only group. 

Diversity of Written laformation Search Questions 
Following Intensive Instruction 

13, Tliere is a differance in the diversity of written information 
search questions between the following groups which receive 

a form of instruction and the control group which receives 
no instructions 

a* the differentiated reinforcement and criteria group 
versus the control group * 

b. the undifferentiated reinforcement and criteria group 
versus the control group, 

c. the differentiated reinforcement only group 
versus the control group* and 

d. the undifferentiated reinforcement only group 
versus the control group. 

14, The effects of differentiated reinforcement and criteria are non- 
additive on the diversity of written information search questions. 

15, There is a difference in the diversity of written information 
search questions between the following groups which receive 
differentiated reinforcement as an instruction condition and 

the following groups which received undifferentiated reinforcement 

a, the differentiated reinforcement and criteria group 

versus the undifferentiated reinforcement and criteria group 

b. the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only group, 

c, the differentiated reinforcement only group versus 

the undifferentiated reinforcement and criteria group, and 

d. the differentiated reinforcement only group versus 
the undifferentiated reinforcement only group. 

16, There is a difference in the diversity of written infoirmation 
search questions between the following groups which are told 
the criteria for good hypotheBis formation and the following ^ 
groups which are not told the criteria for good hypothesis 
formatloni 
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a, the differentiated reinf oreement and criteifia group 
versus the dif fareutiated reinforcement only group, 

b* the differentiated reinforcement and criteria group 
versus the undif f erentlated reinforcement only group, 

c. the undifferentiated reinforcement and crltevia group 
versus the differentiated reinforcenient only group, and 

d, the undifferentiated reinforcement and criteria group 
versus the undifferentiated reiaf orcement only group. 



Quantii: of Written Hypothesis 
Generation After the Group niscusslon 

17, There is a difference in the quantity of written hypotheses 
between the following groups which receive a form of Instruction 
and the control group which receives no instruction? 

a* the differentiated reinforcement and criteria group 
versus the control group, 

b. the undifferentiated reinforcement ana criteria group 
versus the control group, 

c. the differentiated reinforcement only group 
versus the control group, and 

d. the undifferentiated reinforcement only group 
versus the control group. 

18, The effects of differentiated reinforcement and criteria are 
non-additive on the quantity of written hypotheses. 

19, There is a difference in the quantity of written hypotheses 
between the following groups which receive differentiated 
reinforcement as an instruction condition and the following 
groups which receive undifferentiated reinforcement: 

a. the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcemant and criteria 
group , 

b. the differentiated reinforcement and criteria group 
versui the undifferentiated reinforcement only groups 

c. the differenltated reinforcement only group 

versus the undifferentiated reinforcement and criteria 
group, and 
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d* the differentiated reinforcement only group versus thai 
undifferentiated reinf orceiiient only grDUp , 

20 • There is a difference in the quantity of written hypotheses 
between the following groups which are told the criteria for 
good hypothesis formation and the following groups which are 
not told the criteria for c^ood hypothesis formations 

a. the dif f urentiated reinforcement and criteria group 
vGrsus the differentiated reinforcement only group, 

bp the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only group, 

c* the undifferentiated reinforcement and criteria groun 
versus the differentiated reinforcement only group * and 

d. the undifferentiated reinforcement and critpria group 
versus the undif f erentlatad reinforcement ouly groitn. 



Quality of \ written Hypothesis 
Generation After the Group Discussion 

21, 7here is a difference in the quality of written hypotheses 
between the following groups which receive a form of 
instruction and the control group which receives no instruction: 

a* the differentiated reinforcement and criteria group 
versus the control group * 

b* the undif farentlated reinf orcement and criteria group 
versus the control groups 

c. the differentiated reinforcement only group 
versus the control group, and 

d. the undifferentiated reinforcement only group 
versus the control group. 

"2* The effects of differentiated reinf orcement and criteria are 
non-additive on the quality of written hypotheses- 

23, There is a difference in the quality of written hypotheses 
between the following groups which recalve differentiated 
reinf orcement as an instruction condition and the following 
groups which receive undifferentiated reinforcement i 

a. the differentiated reinforcement and criteria group 
versus the undifferentiated reinforaement and criteria 
group, 
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b. the differentiated reinforcement and criteria grcup 
versus the undifferentiated reinforcement only group, 

c. the differentiated reinforcement only group versus 

the undifferentiated reinforcement and criteria group, and 

d. the dlfferautiattd reinforcement only group versus 
the undif ijerentiated reinforcement cmXy group. 

24. There is a dlffircnce in the quality jf written hypotheses 

between the following grcups which arr. told the criteria for 
good hypothesis tormation r.nd the fallowing groups which are 
not told the criteria for good hypothesis formation i 

a* the differentiated reinforcement and crxtcrla grou^ 
versus the differentiated reinforcement only group, 

b. the differentiated reinforcement and criteria group 
varsus the undifferentiated reinforcement only group , 

c. the undifferentiated reinforcement and criteria group 
versus the differentiated reinforcement only group ^ and 

d. the undifferentiated reinforcement and criteria group 
veisus the undifferentiated reinforcement only group. 



Divercity of Infonnation Search 
Questions During the Group Discussion 

25, There is a difference In the diversity of quaations between 
the experimental groups during an information search group 
discussion about a discrepant event* 



Performance in Hypothesis Generation After 
the Group Discussion Using Previous Hypothesis 
Generation EKperience as a Covariable 

26. Using the results of the quantity of written hypotheses 

iTmedlately following instruction as a covariable for the 
quantity of written hypotheBes after the group discussion, 
there is a difference between the following planned comparisons s 

a. instruction groups versus the control group, 

b* interaction between instruction groups ^ 

c. differentiated ralnforcement groups versus undifferentiated 
rainforaement groups, and 



d. criteria groupa versus non-erlteria groups* 
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27. Using the results of the quality of written hypotheses 

immediately following instruction as a covarlable for tha 
quality of written hypotheses after the group discussion, 
there it. a difference betwetn the following planned comparisons: 

a, instruction groups vernus the control group, 

b, interaction betwen Instruction groups, 

c. dlifereutiated reinforce .ant groups versus undifferentiated 

reinforcement groups, and 

d. criteria groups versus non-criteria groups. 



Definitions of Terms 



Major Definitions 

1. Ar^-'Ppfahle Hy pothesis Generation : When a hypothesis that was 
writ ten and discussed by a participant rated at least a three 
on the Hypothesis Quality Scale (see p. 72). Hypotheses m 
this category were scientific eKplanations relating at least 
two variables in general or nonspecific terms. 

2, Differentiated Reinforcement s A form of reinforcement which 
offers verbal encouragement 'for each hypothesis contributed 
by a partJcipant during intensive instruction which meets a 
predetermined level of quality. The specific terms of reinforce- 
ment— good ^ very good and excelleut—correspond to hypotheses 
which are described by levels three, four, and five of the 
Hypothesis Quality Scale (see p. 72). 

3 Discr epant Event ; An occurrence that illustrated a scientific 
prl^ple of causality that could have been logically explained 
by more than one acceptable hypothesis. In addition, the 
discrepant events contained several variables and presented 
Cwlthin reason) a new experience to the subjects. This study 
utilized several Inquiry Development Program Films (Suchtnan, ASbZb; 
which met these conditions. 

4 ni^crepa nt Event for Hypothesis Gen eration Followlna IniCrucClga- 
mT'Sfeepant event, "The Sailboat and the Fan," was Che source 
for the hypotheses which were analyzed for the comparisons 
between experimental groups to assess the effects of the varloue 
methods of instruction. The Instructions to the participants 
for this activity were audlotaped and the script appeari on pages 
68-69. 
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5 • Dlscgepatit: Event for Information Search Questions Following 
Ihe tructioni The die crap ant avent, Ice Cubes," was the 

source "for the questions which were analysed In the comparisons 
between the various eKperimental groups to assess the impact 
of intensive instruction^ The instructions to the participants 
ware audtotaped and tne script appears on pages 68-69 • 

6. Diversity of Information Search Questions : After all the questions 
for each participant had been placed into the appropriate category 
(see diversity of infortnation search questions classification, 
below), a diversity value utilizing the Shannon Index (see 74) 
was determined. All the individual diversity values for all the 
participants in each experimental group, were averaged and, then, 
used in the statistical analyses. 

7, Divergj ty of Information Search Question Classification; The 
extent to whtch generated questions for each individual corresponded 
to one of sixteen predetermined categories* To determine the 
appropriate category for a question, it was first placed into 

one of the follcwlng majDr groupings on the basis of intenti 

a. verifications if the question sought to identify one 
aspect abon'. the total event or sequence about the 
discrepant event, 

bi eKperlmentation^ if the question sought to ascertain 
the consequences of some hypothetical change (would the 
same have happened if) in the experiment presented 
by the discrepant event, 

c. necessity I if the question sought to deterTnine whether 
a specific aspect of the phenomenon was necessary for the 
outcome (cause and effect), and 

d* syntheslsl if the question sought to determine if a 

particular idea of theory about causation was valid and 
explained the experiment totally or in part. 

Then each question was classified by one of the following 
sub--groupings i 

a. events: referred to the occurrence of events, 

b* objects^ referred to the nature of objects, 

c. conditions I referred to the states of objects, and 

d, properties I referred to the properties* 

By foXiowing the above descriptionp each question fell into one 
c^f sixteen categoriesi for a further description see pages 72-74, 
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8, Diversity of Inf oriaatlon Search Sca^ ; A means to classify 
questions Gontrlbuted by participants during an informstion 
search discussion. The scale la presented on page 73. 

9, Experimental Group E (Control Groupli The control group inhere 
subjects were only exposed to the introductory discrepant event. 

10- Group Pis GUs s ion ; This activity was intended to assess the 

impact □£ the various methods of hypothesis gant^ration intensive 
instruction on the participants of each experimental group to 
ask a diversity of questions about the group discussion 
discrepance event* Basically, during the discussion, the students 
watch the discrepant event and, then volunteered questions which 
had to be specific enough for a yes or no response* As a question 
was asked, it was repeated by the investigator, written and projected 
on an overhead transparency, and, finallyi answered. Since the 
largest group was thirteen students, each student had the opportunity 
to contribute one question. The group discussion was terminated 
after twenty questions* 

11. Group Discussion Discrepant Event I The discrepant event, ''Drinking 
Boiling Coffee,*' was used as the probl^in for the group discussion 
and subsequent hypothesis generation session* The Inst-nctlons 
were audiotaped and the script appears on pages 70-71* 

12. Hypothesis: A logical, reasonable, and testable explanation 
for the occurrence of a discrepant event, 

13. Hypothesis. Generation: A behavior that involves writing 
multiple hypotheses which attempt to explain a discrepant event* 

14. Hypothe gls Generation Int enaive I ngtructlon i An instruction 
session, of one class period (fifty minutes), given to a 
small group of students (six to twelve) where each Individual 
worked alone* Specifically, the students performed the following: 
(a) listened to an explanation of hypotheses and obser-.red an 
Introductory discrepant event (see pp. 64-66), (b) wrote between 
one and six hypotheses about an intensive instruction discrepant 
event, (c) discussed each hypothesis with the investigator, and 
(d) completed the session when the investigator accepted six 
hypotheses* Variations in instruction occurred when the participants 
of each Instruction group (see p* 20) talked with the investigator. 
To insure Individual participation , all Instructions were audiotaped 
and transmitted to each student via headphones* Also, the discuss Ion 
with the experimenter took place in a discussion area (isolated) 

so ideas v^ere not overheard* 

15. Information Search Followin g Intensive Instructioni M activity 
where each individual of each experimental group wrote as many 
questions as possible in an effort to isolate mi define the 
relevant variables presented by the discrepant event for 
information search questions following intensive instruction* 
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16. Intensiv e Xngtruation Group i Refers to one of the four groups 
of participants which received a fom of hypothesis generation 
intensive instruction, 

17. Intensive I nstructloni Term used to refer to hypothesis generation 
intenslsre instruction. Specif icallyj students had to write 

and discuss six hypotheses with the investigator and, depending 
on the intensive instruction groups the hypotheses had to 
meet predetermined standards* 

18. Intensive Inst ruction Discrepant Event ; This discrepant event, 
''The Knife i" provided the problem to the various intensive 
instruction groups during intensive instruction sessions - 
Instructions to the groups were audlotaped and are included on 
pages 64-66, 

19. Intensive Instruction Group A (Differentiated Relnf orc emant and 
C riteria) : Intensive Instruction group where each subject wrote 
sIk acceptable hypotheses which attempted to eKplain the intensive 
instruction discrepant event. At any time a participant could 
request to come to the discussion area and present one or more 
hypotheses to the Investigator* During the discussion, each 
acceptable hypothesis (which met a predetermined standard) was 
accepted and the subject was s (a) positively reinforced (e.gt good) 
and (b) told the criteria for acceptable hypothesis generation. 

20 . Intensive Instru ction Group B (Undiffe rentiated Reinforcement an d 
Criteria) ; Intensive instruction group where each subject wrote 
sIk acceptable hypotheses which attempted to eKplain the intensive 
instruction discrepant event. At any time a participant could 
request to come to the discussion area and present one or more 
hypotheses to the investigator. During the discussion, each 
acceptable hypothesis (which met a predetermined standard) was 
accepted and the subject was told the criteria for acceptable 
hypothesis generation. 

21* Intensive Instruction Grou p C ( Differenti ated Reinforcement Only) i 
Intensive Instruction group where each subject wrote six acceptable 
hypotheses which attempted to explain the intensive instruction 
discrepant event. At any time a participant could request to come 
to the discussion area and present one or more hypotheses to the 
investigator. During the dlscusBion* each accaptable hypothesis 
(which met a predetermined standard) was accepted and the subject 
was positively reinforced (e.g. good). 

22, Intensiv e Instructio n Group D (Undifferentiated Reinforcement Only) g 
Intensive Instruction group where each subject wrote sIk 
hypothesee which attempted to explain the intensive Inatruction 
discrepant event. At any time a partlclpOTt could request to 
come to the discussion area and present one or more hypotheses 
to the investlgatori During the discussion all hypotheses were 
accapted and the subject wass (a) not positively reinforced and 
(b) not told the erlterla for acceptable hypotheBls generation. 
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23. Introduc tory Dlsarepant Event; This discrepant event, "The 
Res taurant I " served as the means to illustrate the concept 
of hypotheses as explanatlong that attempt to solve a problem 
of causality. Students from all the eKperimental groups were 
exposed to the film and instructional audio ipe. The script 
for the audiotape is Included on pages 64-66. 

24* Quality of Hypothesis Generation: The average value of 

the numerical quality of hypotheses for each individual in 
each group. To obtain the value, each hypothesis of an 
individual was placed into the appropriate catagory of the 
previously validated Quinn Hypothesis Quality Scale (see p* 72), 
The values were then averaged for each Individual and, then, 
for each experimental group* 

25. Quantity o£ Hy pothesis Generationi The number of non-repeated 
hypotheses generated by subjects as determined by count, 

26, Undifferentiat ed Reinforcement i A form of reinf orcament which 
only accepts a hypothesis CQntributed by a participant during 
intensive instruction without any form of verbal encouragement. 
(For example, part were told '*! can accept this hypothesis . 



Minor Definitions 



1. Basic In quiry Skills I The ability to isolate the variables 
that account for a problem of causality and, then, to generate 
an eKplanation for the problem which accounts for the variables. 

2. Experimental Group i Refers to one of the four hypothesis generation 
intensive instruction groups or the control group. 

3, Grou p Piscuaslon Information Search; Term used synonynioualy 
with group discussion (see p* 19). 

4, IndlvidualiEed Instruc tions Type of hypothesis generation 
intensive instruction where each student Interacts Individually 
with the Investigator in a setting removed from peer interactions* 

5, Inquiry Approac h to Sc i ence Instruction ; Instructional approach 
which utliied inquiry curricula and problem solving activities* 

6. Inquiry Currlcula s Type of science curricula which enqphaalM | 
activities that alloiw students to learn the prlnelplas of a 
specific diiclpllne while developing and utilising basla ' 
inquiry skills. Generally, these curricula are associated with : 
activity oriented claserooms rather than lecture oriented classroom^.^ 

■ ■ ■ ■ ' ^s^^ 

7* Inst rue t Ion Grou y; Refers to one of the four groups of participants 'I 
which received a form of hypothesis generation intensive instruction^ 

.■,38: 
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8, P r ob 1 em 5 q 1 via g S kiXLs ' The ability to solve a problem with 
basic inquiry skills, 

^' Treatments Term which refers to one of the four hypothesis 
generation intensive Instruction procedures (see pp. 19--20) • 

Assuraptions 

1. It was assumed that all the subjects could generate hypothe.^es and 
ask questions about the variables inherent within a problem of 
causality* The assumption appears reasonable since the average 
age of the participants during the study was 14 years and 8 months, 

2t Since all subjects were selected from the same school, it was 
assumed tliat prior sensitivity to hypothesis generation and 
information search questioning was either npneHistent or if 
present, evenly distributed among the subjecta* 

3* It was also assumed that each discrepant event presented an 

original problem of causality to all the subjects. Ifliila this 
may not have been the casej the random distribution of students 
in the treatment groups minimized this threat. 



Limitations of the Study 

1, Although the study involverj most of the ninth grade itudenta in 
a single junior high school, participation wae voluntary and 
dependent upon parental approvnl. As a result i a portion of the 
students did not participate. To compensate, however, there was 
random placement of all the participants into eKperimental groups, 

2. The study was only conducted in a suburban school that was part 
of a large school system^ 

3. There may have been some interaction of personality factors between 
the investigator and some participants that either encouraged or 
discouraged performance , 

4, Students were not screened for visual or hearing problems, 

5, Only one visual medium (film) was used to eKpose subjecta to the 
discrepant events, 

6. Students were only perEnitted to write hypotheses and questions for 
six of the dependent variables * 
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Summary 

The development of thinking and speaking skills is an essennlal 
objective for future science curriculat I'Jhile previous rasearch has 
indicated how the development of thinking skills can be improved, little 
effort has been devoted to comparing the effect of various hypothesis 
generation intensive instruction methods on the ability to isolate and 
relate variables in attempts to eKplain problems of causality. Purther, 
previoue studies in hypothesis formation have not assessed the impact 
of prior intensive Instruction on group discussion questioning behavior 
or hypothesis generation behavior following the group discussion. The 
purpose of this study was to first compare vB.riuu3 procedures for hypothes 
generation intensive instruction and, then^ to assess the Impact of each 
instructional form on the information searnh behavior during a group 
discussion and the hypothesis generating behavior after the discussion 
about a discrepant event* 

Chapter II provides support for this study based on previous 
findings of studies which attempted to improve hypothesis formation 
abilities. The review of literature is, then^ followed by Chapters 
Illj IV, and V which discuss in detail the (a) procedures, (b) findings, 
and (c) conclusions, implications and recommendations. 
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CHAPTER II 



A REVIEW OF THE LITERATUp 
But such is the irresistible nature of truth, 

that all it asks, and all it wants, is the liberty of appearing. 

Thomas Paine, 1737-^1809 

The scientific method, as an "active" state of mental inquiry, 
begins with casual observations and continues with qeustlons, hypotheses, 
and experiments which lead to the establishment of theories, principles, 
and laws about causality. Perhaps, the most crucial step in the entire 
process is the formation of hypotheses since they provide the testable 
base from which to verify ideas. Because an understanding of the 
scientific method—as reflected by the scientific advances that affect 
sQciety--is an essential part of education, contemporary science 
curricula have been developed that emphasize both the concepts and 
processes of science. Thus, students discover the principles of biology, 
earth science, chemistry, and physics by utilising specifle process 
skills embedded in the scientific method. This study attempted to 
determine additional effective teaching strategies that will promote 
the acquisition and development of science process skills. Specifically, 
the effects of various forms of hypothesis generation intensive instruction 
on hypothesis generating and Information search questioning behaviors of 
ninth grade students were investigated, 
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The review of the literature reports and analyzes the Important 
hypotheaii generation inveatigatlona over the last twenty years. The 
major sources consulted for this presentation include! 

Current Index to Journals in Education 

CCM " 

Inforination Sciences j Inc. 
New York I New York 

Dissertation Abstracts 
University Microfilms, Inc* 
Ann Arbor I Michigan 

Education Inde K 

The H. W. Wilson Company 

New York, New York 

ERIC Res earch In Education 
V\ S, Office of Education 
Washington, D» C* 

Encyclopedia of Educational Research 
Robert E* Ebel, Editor 

American Educational Research Association 
New York, New York 

H andb o ok of Reg e ar ch p n Te a ch In £ 
N. L. Gage I Editor 

American Educational Research Association 
Rand McNally and Company 
Chicago, Illinois 1963 

Journal of Research in Science Teaching 

T^a^ Second Hmdbook of Research on Tea^chlng 
Robert Travers, Editor 
Rand M^ally and Company 
Chicago, Illinois 1973, 
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The purpose of this review of the litarature is tot 

a, eitabligh aupportp direction and a theoretical base for 
a study on methods to improve hypotheais generation* and 

b, verify this study as original and not a duplication of 
previous inves tigations # 

Hypothesis Generation 

Student Development and 
Hypothesli Generation 

The formation of hypotheses which are reasonable^ verifiable by 

testing, and precise is a primary goal in the development of the problem 

solving skills associated with suientlfic inquiry. As a result, previQus 

studies in hypothesis formation have been devoted to developing strategies 

which would help students determine more efficiently the relationships 

between variables. IJhile these major hypothesis generation investigations 

(Suchman, 1962b; Quinn, 1971; Wright, 1974) have differed in purpose, 

each has presented the participants discrepant events which have been 

especially developed and, subsequently, proved effective* Such caution 

has been necessary because a clear understanding of the problem is 

essential for the formation of hypotheses which will be of educative 

value (Renner and Stafford, 1972, p* 30). Although obvious, it should 

be emphasised that students can only participate in the process of 

isolating variables if a problem is perceived. Logically, there are 

two conditions which must be met for a problem to be appropriate for 

hypothesis formation studies s 

1* the problem must present an original discrepancy in the 
mind of the student, and 

2. the student must possess the appropriate level of mental 
development in order to relate the variables so to form 
hypotheses . 
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While both of the previous concerns are crucial for optimal results^ the 
latter is eipecially important since it applies to cognitive development. 
Since the purpose of all hypothesis formation Investigations is to 
ultimately enhance cognitive developmentj it is crucial that* 
(a) the selected discrepant event will challenge students in such a 
way that they will build their skills and (b) the experlmsntal measures 
account for student improvement regardless of the degree of cognitive 
development possessed Initially # A dlscugslon of mental development 
in relation to hypothesis formation iSj therefore, worthwhile. 

Ihe work of Jean Piaget strongly supports the role of cognitive 
development and the resulting ability to understand a probiem and generat© 
hypotheses. Basically i Piaget 's eKplanatlon for problem recognition 
involves the concept of adaptation which is further composed of the 
processes of assimilation and aecotmodations As an individual Is eKposed 
to various stimuli, assimilation (or the taking in) of the Information 
occurs. As the information is asslmllatedi it is digested and Integrated 
into the individual -a existing cognitive framework. If, however, no 
similar information has been previously integratedg the individual must 
acconmiodate, or adjust, existing behavior and cognitive structures* As 
a result, accommodation to new situations means Intellectual development • 
Through activities associated with hypothesis formation, the student is 
presented a problem whlA is not part of the already existing cognitive 
structure so subsequent accon^odatlon by hypotliesis generation Inarsases 
mental development. For an individual to first visualize a problemp It Is 
necessary to be at a stage of mental development where the problem can 



be detected. 
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There are four stages of development which Piaget feels relate 
to cognitive growth i sensory-motor (birth to about 2 years) , preoperational 
(2 years to 6 years), concrete' operational (6 years to 12 years) and 
formal operational (12 years to 15 years) • As an individual develops 
those patterns of mental structure and behavior which are characteristic 
of a specific stagey succession to the next higher stage occurs. As 
a result J the individual develops into a more complex person by integrating 
the processes of the previous stages. The major point is that Individuals 
must be presented with a problem that is consistent with the developmental 
stage for a clear understanding to occur. 

An elaboration of hypothesis formation is the ability to think 
in a hypo the tico-deductive mode* The importance of this skill is that 
it manifests itself during the period of formal operations and involves 
the ability to use Inferential thinking that leads a hypothesis through 
all possible logical' conclusions (Pulaski, 1971p p, 70)* Simply, this 
suggests an ability to hypothesize abstractly. 

Thus far the importance for students who have achieved the level 
of formal operations has been emphasised for optimal hypothesis formation 
behavior. Certainly, this assertion is relevant since students can only 
grasp a principle when their cognitive development can deal with the 
components regardless of the type of Instruction used to explain it (Mallon, 
1976, p. 32). However, it does not follow that all secondary studentB 
operate at the level of formal operations. Sayre and Ball (1975) found, 
in a comparison of 214 junior high and 205 senior high students, that the 
number of students who have reached the level of formal operations increases 
with age and is more closely associated with scholastic grade* This impllei 
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that there are more forrftal operational thinkers in senior rather than 
junior high and that formal operational thinkers achieve higher 
acholastic grades, A sizable number of average students arsp thereforCs 
not formal operational thinkers. Further^ Lawaon and Renner (1975, p. 355) 
found that 85 per cent of a group of 134 high school students had not 
yet reached the highest level of formal operations* Both these studies 
provide evidence that many students exposed to inquiry ideas may not be 
able to benefit. These findings Indicate a disparity between the cognitive 
ability of the secondary students and the purpose of hypothesis formation 
studies. Fortunately I however, the difference is more apparent than real 
since previous hypothesis generation instruction studies have been 
successful due to the emphasis placed on an explanation about a problem 
in a filmed setting where several variables were easily recognisable 
(Suchman, 1961| Quinn, 1971| Wright, 1974), Consequently, students were 
enGOuraged to observe and relate the obvious variables and not necessarily 
manipulate variables in their efforts to generate hypotheses. In this 
respect, hypothesis generation studies have sought to determine the 
optinial methods by which students could improve already existing 
cognitive skills. 

In an effort to qualify the hypotheses formed by students, Quinn 
(1971) developed a Hypothesis Quality Scale (see p. 72) that rated 
hypotheses along the continuum from no explanation (the Iwest level) to 
an explicit statement of a test for a hypothesis. Thus, the highest level 
of the scale Is analogous to the highest levels of formal operations* 
further, Quinn (1971) and Wright (1974) found that students hypotheses, aft 
Instruction in hypothesis formation, improved in quality. Hypothesis 
generation studies, therefore, se^e the dual function of promoting scienca 
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process instruction and enhancing higher laveli of cognitive development. 
This is certainly important since Piaget found social transmission an 
important factor to promote acquisition of higher levels of mental 
operations (Pulaski, 1971, pp. 11, 33). 

In summary, the significance of the preceedlng discussion has been 
to examine and support the idea that worthwhile hypothesis generation 
investigations must: 

a. Involve students who have the capacity to eventually 
function on a hypothetico-deductive level, and 

b. present problems to the students that will be 
visualized as real and solvable. 

Fortunately, previous studies have included both of the above conditions. 

In fact, specific studies utilizing sixth grade participants (Suchman, 

1961; Quinn, 1971) and ninth grade participants (Wright, 1974) have 

indicated that students of these ages can be effectively instructed to 

improve their ability to identify and relate variables to generate 

better hypotheses about specific discrepant events of physics causality. 

These studies are treated In greater depth later in this review. 

Single or Multiple Hypothesis Generation 

Although a student may possess a clear understanding of the problem 
and the ability to think hypothetlco-deductlvely , methods of Instruction 
which emphasise the formation of only a single hypothealB may not be 
of optimal educative value since students become more attached to a 
single hypothesli and, than, lose perspective about the problem and 
possible solutions (Woodbum, 1969, p. 333). The alternative is to 
utilize activities that emphasise the formation of multiple hypotheses. 
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The concept of multiple hypothases Is certainly aoagruous With 
sclantific Inquiry ilnce it allows for greater flexibility !n Isolating 
all aspaets of a problem. Justifiably sOp many of the previous hypothesis 
generation studies have Included the number of hypotheeeg contributed 
as a measure of effectiveness. 

Specific Approaches Which Encourage 
Hypothesis Generation 

Method of problem Pregentation 

A student tnust be confronted with a recognizable problein before 
the process of generating hypotheses can occur. Therefore , the Important 
concern for researchers is the most effective method to present a problem 
or discrepant event to students during an instructional session. 
Naturally s an obvious approach is a live demonstration of the discrepant 
event and, then, continuation of the instruction session. Live 
demonstrations, however i present several dlf f Icultles i 

a* can all students easily view the demons t ration, 

b* will various distractloni from the classroom (or Inetructlonal 
area) detract from the ef fectiveness, 

c* does the demonstrator maintain identical conditions over 
repeated demonstrations, and 

d* are any eKcellent discrepant events not conducive to a 
live demonstration? 

Suchman (1962b, p. 52) > a§ he began hli preliminary work in developing 

inquiry training techniques , encoimtered such problems • Since he favorad 

the recording of each discrepant event episode on fllmj the primary 

queation was the presence or absence of differencag In motlvatloii between 
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the itudente who observed the discrepant event on film and those who 

obaerved the identlaal event In a live setting. After several investigations 

the results indicated that thm motivation was identical for both groups* 

Suchman (1962b , p, 53) did find, however > that color film was more 

effective than black and white film. This was attributed to the live 

and vivid qualities of color film. 

In a somewhat related study, DeTure and Koran (1975) found that 

videotape recordings i where a few aelected members of the class Illustrated 

laboratory techniques , resulted In Increased Involvement of their claaamates 

with procesi skills so students eKhlblted more positive and less negative 

behaviors during subsequent laboratory exercises * The above studies 

i 

indicate that demonstrations which are recorded on film or videotape 
are just as effective methods to illustrate a problem and motivate 
Btudants as are live demonstrations* Further > it did not appear to 
matter whether strangers (as in Suchman'a films) or classmates were the 
demonstrators* These findings are basic in a discussion of hypothesie 
generation studies since many have utilised single topic films to 
present discrepant events to the participants. 

Two studies attempted to determine the effect of single topic 
films on the ability of students to develop an Improved capacity to 
write hypotheses, Glbbs (1967) found that high school biology students, 
who received five lessons In hypothesis construction via films. Increased v 
their ability at writing hypotheses* The measure of improvement for the 
dependent variable was relevance. In a glmllar study. Barker (1969) 
developed and evaluated four single topic films as the means to promote ; 
the construction of hypotheses that esqplain chemical phenomena. Basically, > 
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a problem was introduced to the students by the filmi aftey which 
they were requested to write only one hypotheeis. Then more of the 
film was shown that Illustrated some experimental evidence about the 
original problem. Students were then permitted to revise their original 
hypothesis or construct a new one. The findings indicated that after 
the fourth film there was an improvement In the ability to construct 
revised hypotheses as measured by three forms of relevance. 

These studieb illustrated that single topic films can Improve 
the ability of high school students to write hypotheies about a preeented 
problem. The criteria of hypothesis quality was a general term— relevance. 
But this is important since these studies Indicated a means to qualify 
hypotheses generated by students* Further, the instruction for both 
studies was viewing a film, receiving information and practice at writing 
one hypothesis to explain each event. Neither offered a specific method 
of intensive Inst ruction • Other studies have incorporated the use of 
filni to present the problem and a specific fom o£ intensive instructiont 

Specific Instruction Studies in 
Hypothesis Generation Directly 
Applicable to the Classroom 

Although, over the past twenty years, a number of Investigations 

have bean conductad in the area of hypothesis generation, much of the 

work has dealt specifically with the process of hypothesis formation and 

not with techniques which can enhance the process as additions to existing 

classroom instruction. Therefore, the following diacusslon will begin 

with the three specific studies which have Involved instruction methods 

incorporating problemi or dlicrepant events which are feasible in a 

science classroom setting. Then» pertinent works which have investigated 
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general aipects of the hypothesis formation process will be capaullzed 
under the category of related studies* 

Inquiry Devalopment Program 

Suchnian (1961^ 1962b) in the late fifties to mid-aiKties designedi 
developed* and distributed a coniprehensive Inquiry Development Program 
(IDP) Intended for use in actual clasaroom settings - The objectives 
were to help students build those inquiry skills necessary to investigate 
causal relationships. As a result, the activities emphasiiedi (a) gathering 
and organising data^ (b) isolating variables, (c) hypothesiiing relationships 
between variables, and (d) testing hypotheses through verbalised experiments. 

Suchman felt the Inquiry Development Program needed no system of 
rewards or reinforcement since the need to Inquire into the oause of a 
puzzling situation wns self-rewarding as information beQame available* 
To insure this condition, problems were prepared which were readily 
apparent since a limited number of variables were involved. Also, In 
this way, students could focus their concentration on their thinking 
process as well as the problemp The problems were limited to those of 
physics causality which could be recorded on color film. (For classroom 
use the eight millimeter filmloop foraat was prepared.) In totalj thirty** 
three films of approKimately two minutes in length were developed* In 
order to maintain consistency among the films, each problem was demonstrated 
using recognlEable science equipmint. 

The procedures for each inquiry instruction session lasted for one 
to two hours per week for a period of a^renty-four weekF* After the sixth 
grade subjects viewed the film, they were requested to ask the teacher 
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questions about cauiality that were specific enough for a yes or no 
response. In this way, open-ended questions were avoided so that the 
students focused on the variables In such a way to ask pertinent 
questions. As a result ^ the students^not the teacher— controlled the 
amount and quality of Information gathered during the session* To 
maintain order during the sessionj Suchman litnited the number of active 
participants to groups of ten* Since the rest of the clags was present ^ 
the non--participants observed the film and questions so they could improve 
their abilities. Further, once a student had "the fl^or" a series of 
questions could be asked. Each aasslon was audiotaped and, after the 
session^ the tape was replayed so the teacher could analyse the usefulness 
of each question. This critique was intended as feedback to students 
so they could improve their skills* 

To assess the ef f ectivenesi of the program, a year long study was 
conducted in twelve schools across the nation* The inquiry leaders from 
each school had participated in a sutmier training session directed by 
Suchnian, The procedure in each school involved one treatment (inquiry) 
intact class and one control intact class which watched the same films as 
the Inquiry class but received an expoeitoty lesson about the concepts • 
At the end of the study ^ the findinge indicated i 

a. equal, if not better , conceptual growth for the inquiry classes , and 

b. better process of inquiry acquisition by the inquiry elasseg as 
measured by a greater fluency (Suchman, 1962b| pp. 117*" 23) * 

The importance of the Inquiry Development Program was that it 

outlined a feasible method to intensively instruct students in data 

gathering* Tliere is an assumption» In Sushinan's worki that each question 
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is a hypothesis in an interrogatory form* Further^ the Inquiry Devalopment 
Program indicated small group discussions about the problem were esiential 
for good participation and^ algOj that the critique feedback was a 
useful portion of the instruction- 
Inquiry Instruction and Hypothesis 
Generation in the Classroom 

Although Suchman indicated that inquiry skills were increased by 
small group instruction^ no at. tempt was made to actually determine the 
effect of the instruction on hypotheaii generation* Quinn (1971) undertook 
such a study with sixth grade students from one urban and one suburban 
school each of which contained homogeneous groupings of students from 
low and middle socio-economic homes respectively, Quinn developed a 
validated and reliable scale to measure the quality of hypotheses 
produced by students. 

The procedures for Quinn- a study involved a treatment and a control 

group (both intact classes) in each school* Treatment involved twelM-a fllin 

sessions and bIk discussion sessions • The film sessions were additions 

to the Suchman Inquiry Development Program since the discussion seealons 

were detailed analysis of students* observations in terms of possible 

inferences, relationship of variablesi and quality of hypotheses* It 

should be noted that the observations were written on the blackboara so 

they were visible to the students. The results of the study indicatedi 

a» subjects who received Instruction in hypotheats generation 
provided a greater quality of hypotheeea than subjeats not 
so instructed, 

b* instructed subjects from middle iocio--economlc homes did not 
generate a greater quality of hypotheses than subjects from 
low socio--econoiflic homes j 
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c. students with high Otis Test of Mental Ability Scores 
genarated a greater quality of hypotheies than subjects 
with low Otis Scores, 

d. students with high grade point averages generated a greater 
quality of hypothBses than those with low grade point averages, 

e. subjects with high reading levels genBrated a greater quality 
of hypotheses than students with low reading levels, 

f . girls generated a greater quality of hypotheses than boys, and 

g individual subjects with hypothesis generation training (regardless 
of socio-econoniic status) generated a greater quality of 
hypotheses than individual subjects without hypothesis truining. 

The importance of Qulnn's research to the present study la that 

it illustrated intact classroom Instruction can improve the ability of 

students to generate a higher quality of hypotheses as determined by 

the analysis of written hypothests utilizing a validated scale. 

Intensive Instruction and Hypotheses 
Generation in an Individualized Setting 

Since qulnn's method of classroom Instruction was proved successful, 
a worthwhile neKt step was a comparison of different Instruction methods 
m an individualized setting. Wright <1974) conducted such a study 
utilizing ninth grade subjects who were randomly placed into one of 
three treatment groups-control, hypothesis generation intensive 
instruction, or cue attendance (number of details observed) intensive 
instruction, the hypothesis generation intensive inatruction consisted 
of watching an Inquiry Development Program Fllin and, then, generating 
five acceptable hypotheses ; the cue attendance instruction consisted of 
viewing a film and. then- generating seventy-five details. As the student 
would offer an acdipeable response, it was reinforced with "ok. good, very 
good," After treatments, comparisonB were made between each Intenglve 
instruction group and the control as well as between treatment groups. ' 
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The dtpinden^t variables ^ere uhe quaotity quality of hypotheses 
generated, the quantity,? of m& sttendanfies aM the quantity and diversity 
of t^foriaation search- En addition, ap tttude cteattnent Intftr^etioris were 
detexmined aaing scores fton Verbal Bea^oi^lag and Hiddea Figures tests 
as variables. The major findiiigs Itidicat&dJ 

a. e&ch lateriBi-ve iuatttctioii gr^up performed better on 
^sch deperidejit vaxiabLe, 

b. th.e tteatment groiips perfornie^ equally on aH dependent 
variables but cue attendance ^h&ta the intansii^e Instruction 
cue atcendance group did bettiar, 

c. no differences Gxisted betwee>i the three liigh &nd thrae 
lay ability groups ^ and 

d» no signiflGayit aptitude treatineftt Interactions ejcis ted be tween 
intensive instr'Uction in cue ^ttendante hypctbegis generation 
f^r Verbal Reasoning or Hldde^i Flgiirea legale * 

Fifteen months later a follo^^up JtVidy ^as cotiducted to determine 

if dlfferenae results for the depezideiic variables would cacur (bright, 1975) # 

For cue attendance quaritlty as well as ^ua^ntlty and quality of hypotheeii 

generatioilj the tr^stmanc groups were sigt^lf Ic^ntly better than the 

control groups - Furthar^ there were no sLgnlf leant differences batveen 

the treatmrtt groups, km for infomatl^n learchj tbe eae attendance 

group was significantly better In pecfotrmanee chan the hypotheslB generation 

arxd Control groups, Tfie majos* implicatdoTt ii Chat bypothesla generation 

behavior is Imptoved by either cue atte*idanc€ or hypoChesis generating 

im^tructicn* 

In toch studteSj l^right indicated tbat intensive iMcructlon, 
^hicti invol\rid pr edetexintned minimum standards for hypothssls generation 
Vas ef£ecti%re in ati indi\fld^ali^id setting to promoti Iflonediste and long- 
term inquiry skills* Ih^ Importance of Wright 'i votk \jm chat It verlfitdi 
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a, more than one forni of hypothesis generation iiistructiDn 
is applicable la a secoridary school settings 

b, predetermined nilniwum standards can be set for instruction 
and acceptabia responses can be reinforced, 

G. Inquiry Devaloprnent Program Filras present adequate discrepant 
events to ninth graders for hypothesis generationi and 

d. intansivs instruction yields peraistent retention of basic 
Inquiry skills , 

in guniinary^ the three preceeding inves tigatlons are important to 
the pxesent study since the findings of each provide support* Suchinan 
(1962b) provided evidence that discrepant events can be filmed and^ 
then, utlllEed as part of a training program for the process skill 
of isolating variablag by quastioning. Quinn (1971) cDntlnuad inquiry 
training by first developing a scale to measure the quality of hypothesis 
generation and| then 5 by exposing studenta to classroom instruction in 
hypothesis generation. The results indicated that students can be instructed 
to Improve hypothesis generating ability , Wright (1974), further^ found 
that hypothesis generating behaviors can be improved by individualizad 
reinforced instruction in either hypothesis generation or observing details, 

l^ile the work of Qulnn and Wright have been valuable eKteiiaions 

of Suchnian's original research, together thay raise three questions which 

are worthy of further researchi 

1, What is the difference between Individualized initructlon 

in hypothesis formation when only the criCerla are given to the 
student and individualized Inatructloti in hypothesis formation 
wh&n only reinforcement or both criteria and reinforcement 
are given? 

2* VThat effect w^ill individualized intensive instruction have on 
a group discussion about a specific discrepant event? And| 
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3. what effect will the group discussion have on the members of 

the InsCructed groups to subsequently generate hypothesas? 

The present study attempted to provide answers to thesa questions In 
an effort to further the information a-vallable about hypothesis generation 
instruction techniques. Thus, this study further narrowed the gap 
between research findings and classroom application. 

Relflted Studies 

General Ideas 

As previously mentioned, a number of investigations have been 
conducted which deal specifically with the process of hypothesis 
formation. In addition, investigators have studied general aspects of 
hypothesis ieneration. The discussion of related studies will, therefore, 
begin with general aspects and continue with specific findings about the 
process of hypothesis formation. 

In 1930, Tyler (1930) studied the inference processes of college 

I 

students in an elementary zoology class. The subjects were presented 
with zoological facts from which inferences could be drawn. Since care 
was taken to make the facts as "original" as possible, the inferenees 
were a result of thinking and not tneinory. First, the subjects were 
presented with a series of items for which they were required to write 
an inference. Later, in the same day, the subjects were given the same 
items with multiple choice responses and required to aelect the best 
ittference. Although the findings indicated little correlation (.38) between 
the ability to formulate an Inference and the ability to select the best 
inference from a group, ly lei- was able to obtain a misthod for detertnlning 
the quality of geoerated inf erencef . Using a system of rating each 
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inference by a panel of judges, he found a correlation between judges 
of ,96* The significance was that given a group of written inferences 
about a discrepant topic a panel of judges could objectively rate the 
hypotheses of individuals in general (good, bad or moderate) or specific 
Cpoint system) ways * 

Along similar lines, Atkin (1958) Investigated^ (a) the nature of 
elementary students* development and their ability to forrnulate hypotheses 
and (b) the relationship between type of classroom and the development 
of problem solving abilities- The results indicated that older children 
tended to rely on a greater use of authority figures as the basis for 
their hypotheses and this effect was inost pronQunced in less permissive 
classrooms* Naturally, there were more original responses in more 
permissive classrooms. Another important point was that the investigation 
subs tan ttated the appropriateness of using a predetermined standard to 
determine the quality of generated hypotheses. 

A more recent correlational study of hypothesis generation and 

student traits was conducted by Irown, D, (1973), The subjectB were 108 

female undergraduates enrolled in an independent study Introductory 

biology class- Further, each participant had no previous college science 

inatruction. The findings Indicated^ 

a, as independent study was increased so was precision In 
hypothesis fortnation, howe\fer after the fourth seaelon 
there was a decrease which was explained by a fatigue f actors 

b* as independent study was Increased a greater number of 
deductive hypothesei oecurredi and 

while there ^as a significant Itiverse correlation bstween 
an^ltty and object vlsuall2atlonp there was no correlation 
between anxiety and the type of hypotheiis fomed (prfecis^ 
and deductive) . 
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Brown indicated that hypothesis generation was positively correlated 
to independent study but after a certain point a fatigue factor affected 
hypothesis generatioru Further, deductive hypotheses were stated more 
precisely. Siniilarly, Atkin showed that elementary students offered 
different types of hypotheses but these were determined by age and 
degree of permissiveness in the classroom* There appears to be an 
environmental factor suggested by both Brown and Atkin* Tyler's work, 
while it did generally describe student traits and inference drawing 
ability, emphasized the need for a problem to be original so the 
subsequent hypotheses could be qualitatively evaluated. 

In addition^ mention of a finding from a recent investigation by 
Sprafka (1973) may be worthwhile* Utilizing medical students^ the study 
determined if individuals who were constrained to verbalise during an 
individualized hypothesis generating session would generate a greater 
number of hypotheses* The findings indicated this was only the case on 
one of three problems* Thinking ouC'-loud was* thereforei not an effective 
technique in utilizing Inquiry skills. 

Instruction in Hypothesis Generation 

Many studies, conducted at the college levels offer many points 
which are worthwhile to consider. One such study was reported oy Klein i 
Frederiksen, and Evans (Klein* et, al ,, 1969) who utilised 127 paid mala 
freshman and sophomore "volunteers" from Rutgers. Basically, the subjects 
were randomly placed into eKperlmental and control groups that received 
treatments (and observations) simultaneously on three consecutive evenings. 
The dependent variables werei (a) subject anxiety i (b) the quality (number 
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corresponding to a list of acceptable) of hypotheses, and (c) the 
quantity (number reported) of hypotheses on the Formulating Hypothesis 
Test* The independent variables were illustrations of acceptable- 
hypotheses from a predetermined list. The findings indicated a greater 
quantity of hypotheses from the treatment group but no significant 
difiference betwocn the control and treatment groups for quality of 
hypothesis genaration due to the amount of anxiety. 

Several years later the preceeding study was modified and repeated 
(Frederiksen and Evans, 1974), The dependent variables were clearly 
delineated as " 

a. quantity of hypothesis generation—those responses not previoualy 
mentioned « 

b. quality of hypothesis generation— those responses that corres, jnded 
to ideas previously agreed upon by a panel of judies, 

c. quality of hypothesis generation— the average number of points 
for the quaiity of hypotheses as rated by two Judges, 

d. quality of hypothesis ieneration—based on length, handwriting, 
or grammatical correctness, and 

e. quality of hypothesis generation— based rn the average number 
of words per response. 

The subjects Included 395 paid male and female "volunteers" from two 

Pennsylvania colleges who were placed into three groups— control, quality 

treatment, and quantity treatment. Similar to the previous study, the 

independent variables were proper Illustrations for either quality or 

quantity hypothesis formation. The findings were that each treatment 

group generated a greater quality or quantity of hypotheses with fewer 

words per response. Also, females generated mora responses than males. 

These tW9 gtudies indicated that college students can be instructed to 
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generate a greater quality and quantity of hypotheses as determined by 
a systematic method of rating* It should be noted that these studies 
were designed to compare the effect of treatment not to compare different 
treatment methods • 

A eoraparison of three different methods of instruction (attribute 
block matarlals pictorial logic, and basic elements) on second and third 
grade students was conducted by McGinty (1972). The findings indicated 
that instruction had positive effects on certain logical abilities of 
the subjects. Further, it was found that the third graders out-performed 
the second graders when the same instruction method was compared. The 
significant point of this study is the comparison of all three independent 
variables on the outcome of each dependent variable. 

Similarly, Salomon (1970) employed two training procedures (cue 
attendance and hypothesis generation) and two levels of training (whether 
criteria were met) and tt-^o kinds of training design (structure and 
unstructured) in a study on response uncertainty in teacher interns. 
Although subjects were not specifically instructed in how to determine 
quality hypotheses ^ they were positively reinforced when an acceptable 
hypothesis (or detail) was submitted* To present the problem to the subjectei 
a segment of a motion picture of approximately four minutes was either presented 
as it was or in a randomly spliced arrangement. Subjects were required to meet 
criteria of 150 details or seven hypotheses during inatructlon that utilised 
the problem. In addition, a subject could observe the film as often as desired. 

In order to determine the effects of the Instruction methods j the 
subjects were shown slide sequencei and, then, asked to generate either 
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hypotheses or details. Again the subjeot could view the problem 

(slides) as often as desired. The subsequent findings ineludedi 

a. immediately after intensive instruction, the treatment 
groups displayed greater hypothesis generatiug and cue 
attending behaviors, 

b* after seven days, the treatment groups displayed greater 
information search behavior, 

inUerisive instruction uClizlng unstructured films was more 
effective for hypothesis generation and utilising structured 
films was more effective for information search^ and 

d. intensive Instruction participants displayed more 
subjective uncertainty t 

The importance of this study waB the reinforcement used to illustrate 
acceptable hypothesis generation and the comparison of immediate and 
delayed (week later) improvernents . 

To what extent hypothesis generation occurs was partially determined 
by Byers (1965) who tested twenty-four college educational psychQlogy 
students for the relative frequenGy of hypotheses and the amount of 
Information remaining after the first hypothesis occurred. The proaeduraa, 
which were complex, involved a question board and card sequence arrangement* 
The findings were that students delayed overt expresiions of hypotheses 
until they had more information about the concept* The significancep 
however. Is in the discussion where Byere states that positive reinforcement 
increases hypothesis generation frequency (ByerSp 1965t p* 342). 

Intensive Instruction Methods 
for Concept Attainment 

The previous studies in the area of hypothesis formation have bean 
devoted primarily to determining the effect of one form of ins true tion 
on the ability to generate hypotheses. Since the present study continued 
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the previous work by comparing more than one method of hypothesis ganerafcioa 
intensive instruction, it is worthwhile to discuss a few pertinent studies 
in concept attainment which have similarly compared various methods of 
instruction about specific concepts. 

Kersh (1962) sought to compare the effect of instruction about 
two novel rules of addition using three methods of instruction— guided 
discovery, directed learning, and rote learning. The effect of each 
was determined by a test of recall given three days, two weeks, and 
six weeks after instruction. Utilising three groups of high school 
geometry students, it was found that: (a) the rate of forgetting was 
constant for all groups and (b) the rote learning group did significantly 
becter than the other two (although the guided discovery group outperformed 
the directed learning group) . These findings were at variance with 
previous work (Kersh, 1958) which Indicated discovery learning was 
superior to learning with direction. The disparity was attributed to 
retroactive inhibition which meant the treatment groups retention was 
inhibited by interpolated learning. The importance if this work was 
that differences occurred due to different methods of instruction and 
that giving students too much Information may not facilitate transfer 
of previous learned principles. 

As a result of studies which measured to what exterit a concept 
had been established, GagnS and Drown (1961) investigated the effects 
of variations in the programming of conceptual learnlna materials on 
the effectiveness of learning (as measured by performance in a problem 
solving situation). The participants, who were thlrcy-three boyi from 
ninth and tenth grades, were placed into three treatment groups— rule 
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and example, discovery, and guided discovery. After the instruction, 
the guided discovery group was the most effective— while the rule and 
eKample group the least effective"in solving a new problem. This study 
established that three different approaches — which presented the students 
various amountB of inf orniation«--did not succeed equally in promoting 
concept attainment. Further, the results tended to verify that the students 
needed to discover on their own but with the aid of some direction, 

Sechrest and Wallace (1962) compared the assimilation and utilisation 
of information when subjects ^ who were Instructed with different Gonditions 
of information transmission ^ attempted to determine a concept* The premise 
of this work was that less than perfect performance may be attributed 
to failure to use all available information. Among the four groups of 
college psychology (introductory) students * there were no significant 
differences andj therefore, it was concluded all subjects assimilated 
information efficiently. Each group differed by the number of clues 
they received during instruction. The importance of this study was 
not the findings but, rather, the discussion. The investigator found 
in addition to the results i 

a. the earlier subjects ventured hypotheses the fewer instances 
were required for a solutioni and 

b, some students used the experimenter's Invalidations of their 
hypotheses as a source of information while others used them 
as a source of punishment. The latter groupi naturally, was 
reluctant to engage in quanClty hypothasie genaration (Sechrest 
and Wallace, 1962, p. 163), 

Working from an asaumption that subjects can only discovar how to 

apply a rule, not discover it, Wittrock (1963) sought to determine the 

effectivenass of giving iubjeets the rule, the answer, neither the rule 

or answeri or both. The reeults IndlQated that the collsge peychology 
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juniors who were given the rula and answers or just the rule did better 
than the other two groups. The no^rule no-'answar group was the least 
effective. The point of this study was that activities which emphasized 
discovering the application of a principle were superior means of instruetion 

The evidence indicates that various forms of a treatment in coucepr. 
attainment studies do not yield equal results. Since previous intensive 
instruction studies for hypothesis generation have not generally considered 
various methods of instruction comparisons 5 this is a logical area to 
investigate. The data from the preceeding investigations indicate subjects 
with guided discovery did better in applying concepts* Similarly ^ this 
study attempted to determine If one specific method of hypothesis generation 
intensive Instruction was superior in promoting student application of 
the concept of hypothesis formation. It appears that the studies discussed 
in this review definitely support the need for the present investigation. 

A further point of interest is the question— would all students 
react identically to varying methods of Intensive instruction? A recent 
study indicates a negative answer to the preceeding question. Graybill 
(1975) investigated sex differences in problem solving of selected science 
problems taken directly from the work of Piaget and Inhelder. The 
results indicated that males ages nine, eleven, thirteen and fifteen 
outperformed females and, also^ were more confident in handling equipment 
and less aware of the presence of the experimenter. These results, when 
considered with previous studies where female participants formulated 
better hypotheses than males (Quinn, 1971; Frederiksen and Evans, 1974), 
leave the questions about the role of Intensive instruction beyond the 
scope of this study. However, it appears that intensive instruction may 
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offer ail students the neKibillty to react differently but ultiTnately 
the ability to naster a specific perforaanca objective. Therefore, 
investigations which attempt to illustrate feasibla activities for 
developing concept attaimnent in the classrooin are worthwhile, 

Sumnmry of Related Studies 
The related studies daalt prinarily with three areas of hypothesis 
f orniation : 

1. general ideas, 

2. instruction in hypothesis eeneration, and 

3. intensiva instruntioa for concept attainnent. 

The general Ideas sturiie? have irLdicated that the quality of hypotheses 
generated by students can be assessed. Further j a few of these studies 
have indicared that the type of learning environnent can affect the tvpe 
of hypothesis: fQrr.aCion by elementary students (Atkin, 1958) and aollege 
incroductory^ binlopy students (Brown, D*i 1973), The nmjor inportance of 
the ins true cion in hypothesis generation inves tif ations is that each 
illustraced, in the presence of one form of instruction and* alsOj a 
measurerient instrument, hypotnesis formation abilitlas can be inareased. 
Further, Salonon (1970) illustrated that positive reinforcement was a 
useful instructional condition for students when a predetermined standard 
was attained. Syers (1965) similarly found positive reinf orcemc?nt increased 
the quantity of hypotheses formed by students- Finally, the concept attainment 
studies have illustrated that guided discovery is a superior instructional 
method for students to understand and apply a concept than rote learning 
or total discovery?. 
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ERIC 



Relationship Between Hypothesis 
Generation and Creativity 

Inquiry Training and Creativity 

Naturally s any addition to the curriculUTn which emphasized an 
infinite view of knowledge was considered to devslop creative thinking 
or Greativity. In fact, Suchman (1965, 1962a) indicated that the Inquiry 
Development Program enhanced creative thinking abilities of the partiaipante. 
This is logical when the nature of the discrepant events (as the pramotors 
of enlarged Qonceptual system) is considered. Further^ inquiry ±m 
self-motivating and as such malntalni a high Interest level which results 
in more fluent, precise analysis of the possible caub^es of the probiein, 
Sl:^ce critical thinking is an autonotnous process which is self-directed 
and ainis toward the production of a new fortflp the Inquiry Development 
Prograin developed Grltlcal thinking* 

There have been two studied on the impact of inquiry curricula 
and activities on creativity. Brown, (1973) , in a comparison of the 
inquiry curriculum Science Curriculum Improv ement Study (grades om 
to six) and a conventional science curriculum^ found the inquiry students 
were significantly more creative. In addition* it is Important to mention 
that the. participanta had only inquiry or conventional Instruction for 
six year^. Contrasting results were obtained by Bills (1971) In an 
assessment of a weekly inquiry lesson on the creativity productions of 
students. It was found that 306 eighth grade students (taught by sIk 
teachers) did not make significant gains due to the inquiry Instruction* 
The investigatorp Uotrevary admitted creativity wag a difficult term to 
accurately assess (Bills, 1971» p. 420) r 
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Creativity— In General 

Guilford (1967, pp* 108-09) listed three basic traits of creativity: 

a, fluency as measured by quantity i 

b, flexibility as measured by a Ghange, and 

a. originality as measured by the preaenGe of the unusual 
or somewhat removed* 

Further I Guilford included mention of practicality in the sense of 

feasibility. Guilford distinctioni are important since the Hypothfesis 

Quality Scale of Qulnn (see page 72), although not intended as a measure 

of creativity, certainly accounts for creative responses. For example^ 

a student who perfoms wll will have isolated variablas and manipulated 

them into various hypotheticai situations—fleKibility and originality. 

In addition* a creative person must have a high sensitivity to 

the problems so to sense imperfections (Guilford ^ 1967, p, 118), In 

this way, complacency with a single hypothesis is not creativity I The 

Inquiry Development Program definitely is based on i philosophy that 

encourages the creative student. 

Creativity and Classroom Activities 

Brains tormlng has the advantages of quantity but is it at the loss 
of quality? This is an impossible question to answer! Howevers the Ida^s 
gained from a group discussion setting are of a higher quality whc;. tlm 
fear of being wrong Is not reinforced (Guilford, 196T . p* 114)* Other 
conditions which further stimulate group creativity arei preparr on, 
attitude, open-mindedness, receptivity, enthusiasm, concentration, and 
expresaion (Rapp, 1967). The group inquiry session of Suchman concalnad 
each of chest criteria . For this reason, inquiry probably ©ncourages 
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group creativity and, cOTseqUsntly^ ln^iv-.,,:yal craativity. Au previously 
mantlOTed, liowever, cTestl^icy is dtffrfcutlt assess. 

AlthaU|b BUls <1971) and Bro^.^ <19 73) attempted to tssess the 
impacc o.f science inquiry aklUs m oreatlvity^ they malty only measured 
a iinaLl aspect of abroad topic* Since CTeattvity is a self-iniciatlng 
trait, the chances of de^^eJoping creative behavior is maxlnaJ whmn 
claasroQffi activities are interesting ai^d challenging, Act\ial praQtlces , 
naturailyj depend on cha teacher. To ^id teache« in tlieir effort to 
promote cre^tii^a activities In the ela^irooflii articlea Have appeared 
In secondary science ceaching jc^urnals over tha last fifteen years 
(Kllburn^ 1963 1 Coleman^ 1966; Miceiche and Keariy, I9691 Axikmy and 
Sayre, 1975?. 4s tlie ta^chlng of liypotheala generation skills becomes 
a popular addition lor science cuniculap more einphasli will probably 
be placed on the role of creativit^f &n reflected by hypotheils geiieratlng 
behai/iors ♦ 

Stiiniriary of topoftatt Findings 
Ihe ma^Jor findings of previous atiidlis that have beeri involved 
with intensivi Instruction and aiseisme^t or hypothesli generating skills 
include ! 

3* hypocheale generating baha^rio* students cm be iinproved 
by intensive iastyustion^ 

b* information search behavior' tti s tudents can be iniproved by 
in tirtsiife instruction * 

G. intenaivi inptrucClon for hyptfth^gis ge^iratipfi ©an be 
eflecti-yely conducted In m icidl^lduali^edp amall group 
Or clasarooni lettlngi 

d* as long as a prcblew maecs th# eiltiria as a disaTepant eveiit, 
it Cam bi filmed ^ndi then, effectively motl^aCe studenta, 
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ft, quaLlty of hypotheses can be detafininedt 

hypotheeli gaiieratloii skills ara transferable Immediately 
and over a period of timej 

g. various methods of intensive Initructton result In different 
levels of conaept attainment* 

h, creatlvity~al though related to hypotheais generation^- cannot 
be quaatltatlveLy messuredp 

1, regardless of Intenatve instruetion, Che ability to generate 
hypotheses varies according to sens and 

j . intensive ^.nstrisction Is effective in elementary and secondary 

schools as well as colleges to promote the formation of hypotheses 

None of the previous studiei have compared the effect of giving 

students either criteria or a forni of relnforcOTint as an intensive 

instruction condition, riirtheri none of the studies have compared the 

iffect of previous hypothesis formation Instractlon on group questioning 

behavior or the effect ol grovp discussion on aubiequent hypotheela 

generation. This study (a) compared four different hypothesis generation 

intensive Instruction methods and (b) determined the ef feat of each methcd 

on information search behavior during a group disousslon and subsequent 

written hypothesis generatloa behavior. Chapter III outlines the proceduree 

utilised and the deslgxi of the study. 
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CHMTER III 
PROCEDUmS 

Design of the Study 
A 2 3c 2 factorial design was employed. There ^ere four Independent 
variables-crlMria (given and noC giveii) and a form of reinforcement 
(dif farentiated and undifferentiated) . In addition, there was a control 
group which received no treatment. Table 1 (balow) illustrates the 
combinatlDnB of the independent vari^Les for each treatment. 

TABLE 1,— Combinations of the independent variables 
and the control 



Differentiated TJndlf f erent lated 
Ralniorcement Reinforcement 
Given I Given i 



Criteria 
Given i 



Group A Group B 



Criteria 

Not Given I Group C Group D 



Controls 
Group B 



The study was conducted during February and March, 1976 at Fredarlck 
Sasscer Junior High School located In Prince George's County, Maryland. 
The participants wmtm the ninth grade students who attended aclence class 
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for one period (fifty minutes) each day. In addlLicLi^ all tt^elve science 
classes of the two ninth grade science teachers were involved. In each 
intact class p the participants were randomly placed into one of the four 
instruction groups or the control group. The only exception to the 
randomization \^as the sex cQmposition of each group which was stratified 
in the same proportion that existed in the intact class since previoui 
researchers (Graybilli 197S| Quinn, 1971) had found differences in process 
skill behavior due to the ssr of the participant* 

To minlialza the possible interaction affect between the students 
of the various groups, during each class periodi students tie a the classes 
of both teachers were slinultaneously eHposed to intensiVft in.^ tructioni 
This procedure wm ^ '^^slble by employing an instruction sequence as described 
by a Graco-Latln square CDayton, 1970, pp. 149-50). Table 2 (below) 
illustrates how the instruction sequence i^as based on (a) the group* 
(b) the day of the study, and (c) the class parlod. 

TABLE 2 Croup intensive inetructlon sequence utilizing individuals 
frrom both classes by the period and day of the -study 

Day Day Day Day Day Day 

Period 1 2 3 4 5 6 



2^ 



group 1 
groups ; A- 
B-B 




^^2 

dV 


°1^2 

E'C- 






Make up 
day for 
etudsnte 


C C 


D E 


E B 


A D 


B 


A 


who 


D D 


E A 


A C 


B E 


C 


B 


were 


B E 


A B 


B D 


C A 


D 


G 


absent 



*only the classes of one teacher participated 
**the classes of both tfe.^:^ars (nOTbers refer to each) 
participated 
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Group A: Differentiated Reinforcement and Criteria 

Group Bi Undifferentiated Reinforcement and Criteria 

Group Ci Differentiated Reinf oreemsnt only 

Group Di Undifferentiated Reinforcement only 

Group Ei ContrQl 

Upon completion of the instruction sessions * during each period^, 
students of all the groups were shown an Inquiry Development Progrfiua 
Film ("The Sailboat and the Fan'*) and asked to write as many hypotheses 
as they could to explain the discrepant event. Thent the students were 
shown another Inquiry Development Program Film ("The Ice Cubes'*) and 
requested to write as many questions as they could which might help 
better explain the discrepant event. Five days later, group discussions 
began with only one of the groups during each class period* Table 3 
(see page 57) shows the discussion schedule for each group* During the 
discussion the students were requested to ask questions that might help 
them solva the problem. After twenty questions^ the students were request 
to apply the group inforraatton by writing as many hypotheses as possible 
that might expj.ain the discrepant event. Therefore, there were seven 
dependent variables I 

1, quantity of written hypotheses inmiediately follwing treatment, 
2* quality of written hypotheses immediately following treatment ^ 

3. quantity of information search questions immediately 
following treatment* 

4. diversity of information search questions limaediately 
following treatmentp 

5. diversity of oral questions during the group diecussloni 

6. quantity of written hypothesea after the group diseuasioni and 

7. quality of written hypotheses after the group discuseioni 
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Figure 1 (see page 58) illustrated the relationship between the dependent 
variables and the eKparimental groups. 

7J3LE 3, "Discussion group sequence for information search 
behavior utilizing intensively instructed 
individuals from both of the classes by the 
period and day of the study 



Period 



Day Day Day Day Day 

11 12 13 14 15 



2^ group I 

3^€^ groups! 



4 
5 
6 
7 



h 

A A 

3 


^1 
B B 

C C 


C^C 
D-D 


E^E^ 




C C 


D D 


E E 


A A 


B B 


D D 


E E 


A A 


B B 


G C 


E E 


A A 


B B 


C C 


D D 



*only the classes of one teacher participated 
**the classes of both teachers Cnumbers refer to each) 
participated 

Group A: Differentiated Reinforcement and Criteria 
Group B: tJndif terentlated Reinforcement and Criteria 
Group C: Differentiated Reinforcement only 
Group Di Undifferentiated Eelnf or cement only 
Group E: Control 

In su.vimary, there were four independent variables— criteria (given 
and not given) and reinforcement (dif ferentiated and undifferentiated) . 
Immediately following the completion of the various methods of intensive 
iniCruction, the effect of Instruction in hypothesis leneratlon, was 
determined by having students write hypotheses and questions about discrepant 
events. Five days later, the students were presented an additional problem 
in a small group setting where they were allowed to ask f|nestlons about ■ 
the variables in the discrepancy. After twenty questions, each participant 
was requested to write as many hypotheses as possible to explain the 
discrepancy. Figure 2 (page 59) illustrates the design of this investigation. 
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Group E' 



.jroup A 


2 

Group B 


3 

Group C 


Group D 



written hyppthesea quality 

written hypatheses quantity 
oral questione diversity 
written questions diversity 
written questione quantity 
written hypothesis quality 



/ 



^Group A: Differentiated Reinf oreement and Criteria 
"Group Bi Undifferentiated Reinf oreement and Criteria 
^Group Differentiated Reinforcement only 
^Group Di ^ Undifferentiated Reinf oreement only 
Control 



-Group E; 

Fig. 1* — Relationship Between Dependent and Independent Variables 



75 



59 



i Participants 
I Dettrmined 



Random Placement 

into Traatment 
Groups 



A ^ 



Intensive 
Ini truetion 



Initial Investigation to 

Ascertain procedures 
and Tnstructlon Criteria 



Written 
Hypothesis 
Generation 

and 
Information 

Search 



Group 
\^ Diacussion 
Quest l oniti 



11 



\ Written ; 
i Hypothesis 
I Ganeratlon 1 



Fig, 2*— Diagram of the research design 
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Initial Investigation 

Three weeks prior to the start of this study , an inveitigation 

was conducted with one of the ninth grade science classes (the only first 

period class) to determine; 

a# the criterion level for the number of acceptable hypotheses 
which could be expected during intensive Instruetionp 

b, the criterion level for the number of questions which could be 
asked by individuals during the group discussion, and 

c* the need for procedural raodlf icatlons---including visibility of 
the films s clarity ot the tapes, and understanding of directions. 

The findings (from the eighteen participants) indicated the suitability 

of the procedures for widespread application and the number of hypotheses 

possible and questions practical during the sessions was sIk and twenty 

respectively . 

Population 

The participants ware ninth grade students of Frederick Saascer 
Junior High School in Upper Marlboro* Maryland. As a school in suburban 
Washington, D. C, Frederick Sasseer Is part of the Prince Georga's County 
Public Schools which is one of the largest systems in the nation. The 
school operates on a seven period day with approximately fifty minute 
classes. According to assignment procedures, the distribution of the 
students in each intact science class was heterogeneous. 

Participation in both the initial Invastlgatlon and the actual study 
was voluntary and, also, required parental consent* Thereforei the study 
was explained to all potential participante and er.wh was given a parental 
permlsilon letter (see Appendix I, p, 121). The response for partielpatlon 
included approximately 80 percent of the students from the eleven clagses 
utlllEed in the main itudyi (It la Important to note that students from 
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twelve intact classes participated; hwevar one of the clasies was 
selected for use in the initial investigation.) The total nimiber of 
participarits available for the Inveatigation was 221* Unfortunately, 
due to absenteeism on crucial days » only 205 or forty-one students per 
eKperimental group were utlliied in the final analysis. The average 
age of the participants — assessed during the discussion phase—was 
14 years and 8 months * 

The taaching philosophy of the ninth grade science teachers was 
contract oriented utilizing the Earth Sci ence Curriculum Project . Both 
teachers had covered the same topics prior to this Investigation* Further, 
Frederick Sasscer serves a relatively stable student body as most of the 
seventh graders continue and finish the ninth grade. Therefore^ inost 
participants had similar science eKperiences. The participants from 
each class were randomly placed in one of the eKperimental groups utilizing 
their numbers from a sheet concaining the alphabatlEed last names of the 
students in the class. The random numbers table provided by Dayton and 
Stunkard (1971, pp. 270-76) was employed. 

Stimuli Presented 
Inquiry Development Program Films (Suchman, 1966) were used in 
this investigation because previous research by Wright (1974) had shown 
them as effective discrepant events for ninth grade students. Sines only 
five films were necessary, it was Iraportant to select from the Gomplete set 
of thirty- three those which would present an interesting discrepancy to 
the greatest number of students* It was possible to Immediately eliminate 
sevcial because of previous student eKposure due to prior science instruction 
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which was known through discussions with acienca educators and prior 

knowledge of the investigator* As a result^ a group of possible films 

was shown to two junior high teachers who together with the aKperimenter 

selected the b±k best. Then, these were shown for further verlf legation to 

a* a science specialist in the Prince George-s County School System 

b* a university secondary education professor with prior experience 
as a junior high teachers and 

a, two Prince George-s County science teachers. 

The members of the film panel viewed the films separately and completed 

the questl Qnnaire Included in AppendiK II (see page 123). Thm unanimous 

concensus was that all s±k were appropriate. Therefore, the following 

Inquiry Development Program Films ware selected by the investigator for 

each of these specific purposes I 

a. Introductory Discrepant Event-^-^"The Restauranti" 

b. Intensive Instruction Discrepant Event™"The Knifes" 

c* Discrepant Event Immediately Following Treatment for Hypothesis 
Gene ration'^-" The Sailboat and the Fan," 

d* Discrepant Event Iimnedlately Following Treatment for Information 
Search Ques tioning""The Ice Cubes and 

e* Group Disaussion Discrepant Event-*"Drinklng Boiling Coffee," 

Hypothesis Generation Intensive Instruction 
The Intensive instruction was conducted in a large offiue and 
preparation room combination located be^een two science classrooms* 
There was enough room for fifteen desks and a discussion area* To 
mlnlmii^e dli tractions and the amount of light entering the room, 
bookshelves and wi?.^dows were covered with paper* Further » pegboard 
partitions were fastened onto the desks to create a more indlvidualiied 
dtmosphere and to serve as support for the headphones. Each student 



listeried to the ins truc':5 one — ^which were recorded on audiotape—via 
these headphones* This math'-Jd of prasentation was found as excellant 
since it improved concentration by eliminating occasional noise from 
the classrooms. The par ^".icipants were allowed to remove their headphones 
at any time after the taped instructions ended. Finally , the films were 
shown continuously on a scrGen clearly visible by all students. For this 
reason^ the eight millimeter f • r> -xaL.'ridge and the eight millimeter 
fllmloop projacror were tiic "..^vi.'- ^ of presentation* 

As previously Tnentioned, one instruction group frorn each class 
rezeivei intensive instruction during a normal science class period. 
Thus, it took five days for all the participants from a class to be 
instructed. The average session lasted thirty-^five minutes. Since the 
class period lasted about fifty minutes * the time was adequate* Usually , 
the classroom teachers sent the s tudents™previQusly requested by the 
Inves tigator^as a group to the "laboratory" approKimately five minutes 
after class began. Students were allDwed to sit where they wished since 
enough desks and chairs were available. 

The instruction among the groups varied in tl":a amount of 
information presented to the members by the eKperimenter during one or 
more individualized conferences. It should be noted that while the 
investigator could devote "total" attention tc one ) ant| it was 

possible to observe the others. Students, therefor6| wdrtS: monitored to 
Insure individual work. Table 4 (p. 64) illustrates the dJ>£f©rences in 
information provided to each group » 
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TABLE 4*~The information received by each hypotheils generation 
intensive lug t ruction group and by the control group 



Group Group Group Group Group 
Information A B C D E 



Audio taped instructions and the 

Introductory Discrepant Evsnt XXX 

Continuous ahowing of the 
Intensive Instruction Discrepant 

Event XXX 

Acceptance of written hypotheses 
with undifferentiated reinforce^ 
ment X 

Acceptance of written hypotheses 
only when a predetermined level 
was attained and then verbal 
differentiated reinforcement 

was given X X 

Acceptance of written hypotheses 

only when a predetermined level 

was attained but the subjects 

were told the criteria for good 

hypothesis formation X X 



The audiotaped instructions and Introductory discrepant event 

comprised a general description about hypotheges presented in such a 

way so it was comprehensible to all participants* The initial investigation 

and a panel—a science education specialist and two junior high science 

teachers—agreed i The presentation conaisted of the following* 

Mankind has always attempted to find out why something happens * 
Such attempts are called hypotheses and they are responBlble for 
the world around you* Even you generate hypotheses^although 
you do not call them by name. For examplei John may be absent 
from school and you may try to figure out why. Your ideas may 
includei he is sick, out of tOTOp missed the bus, overslept, 
needed at home, and some others. As you can see, you have no 
way o£ knowing the right answer until you do some research— in 
this case wait until you see John again and ask hlml This la 
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how the scientists work'-- obgirving an events generating hypothesesi 
conducting r^iearch, and finally, finding an answer that will probably 
Create more quastions and more hypothesei, and more researGh. 
The procast^ Is endless* 

For t^ls eKperlfflint", you will be asked to approaeh a problem 
much like a scientist. First, you will watch a ihoL-t film and, 
then, generate nomm hypntheses to try to eKplain it* To illustrate 
the procedure, carefully watch this film that will be fallowed by 
five hypotheses which Wuld be considered good if made by a 
person who parttcipated in this training. (The Inquiry Development 
Program Fllm^ — ^"'The Restf;arant*' — ^is shown one time,) 

Some hypotheses which may explain this event arei 

a» When the alter touched the tablecloth to r^'move the 
spot he put something on it uhat made tablecloth 
slide out, 

b. The two tablecloths were made of two different materials 
and the slippery one could be pulled out, 

c* The waiter pulled the tablecloth out horizontally ^nd 
the man pulled it up at an angle so the plates fell off, 

d. If the tablecloth is pulled out fast the force of gravity 
keeps the plates on the table, and 

e. One table had a magnet holding metal plates on the table. 

The followi ng Ins tructloiis were given to Groups A, B, C , 
and During this sessionp you will generate sIk hypotheses 
that you feel eKplain the events in another film. Since the 
film will run cQntinuously , you should do the following when 
you feel ready: 

a* Write down between one and six hypotheses on the paper in 
front of you using the pen provided, Andg 

b, then raise your hand so you will be called to the disQUsaion 
area to explain your hypotheses to the experimenter. When 
he feels you have reached a satisfactory level for each of 
your mtK hypotheses , you may return to class. To make this 
gession worthwhile for you, your claismatas, and the eKperimenters 
you will be requested to do your own work and not to talk to 
anyone but the eKperlaenter, 

The fQll owlng in s trugt ions were given to Group E (control) ■ 
You have now finished your participation in this study for today* 
In a few days, you will take part in phase two* Please remove your 
headphones and come to the discussion area and the experimenter 
will give you a pasi to return to class. Th^k you. 
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The groups that had to verbally Interact with the experlnienter 
(Group A, B, C, D) were given a sheet of paper and a ballpoint pen so 
they could writG complete or partial hypotheses which could be discussed. 
When ready to discuss a hypothesis, participant raised their hands and 
were called over to the discussion area one by one. Generally, the students 
were iatereBted in the problem and appaared to do their best. Aa for 
Lhe various dagrees of information the following remarks were uniformly 
q tated^ 

a, for the criteria givani an acceptable hypothesis is a 
reasonable explanation that could be tested if you were 
givan the equipments 

b, for differentiated reinforcement given: 

1, good---if the hypothesis would have rated i three on 
the Hypothesis Quality Scale (see page 72) , 

2. vary good»-if the hypothesis would have rated a four 
on the Hypothesis Quality Scale, 

3, excellent— if the hypothesis would have rated a five on 
the Hypothesis Quality Scale, and 

4. 1 cannot accept this one--if the hypothesis would have rated 
a two or below on the Hypothesis Quality Scale* 

c, for participants in the group where there was only undif f erentiatad 
reinforcement— I can accept that hypothesis. 

The intensive instructicn sessions went smoothly and quickly. After 

the sesslous, there appeared to be no "gossip"— in the sense of sharing 

answers-among students- In fact, the participants ware anthusiastlc 

about keeping thalr specific answers (hypothasei or questions) a secret. 

The peer pressure to make the investigation a success was evident. 
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Obtaining Dependent Variables 

aypotheses and Questions Immediately 
Following Intensive Instructign 

Following completion of the intensive instruction sessions ^ the 

effectG of the various metli^ids were measured by the quality and quantity 

of hypotheses as well as the quantity and diversir.y of questions about 

Eeparate discrepant events presented by Inquiry Development Program 

Films. To maintain uniformity in testing conditions, all the participants— 

from both classes=-»Qf a given period were simultaneously tested in the 

larger of the two scler4ce classrQoms, Additional tables and chairs were 

added so each participant could be seated* AlsOj to improve visibility* 

th^ films were shown using a regular eight millimeter movie projector 

which produced a picture of greater intensTCy than the filmloop projector * 

Similar to the Intensive instruction sessions, students were not assigned 

seats and paper was distributed for responses (and pens were loaned to 

students who needed one). Instructions for this aesaion were audiotaped. 

The only contact of the experimenter or teachers with the students prior 

to the audiotaped instructions was a b^ " time after class began 

focus the attention of the partlcipan : on e electronic medium l 

should be added that the students were lau^^ cooperative and caused no 

disruptions. The instructions and procadures included on the tape werei 

Hi! During one of the last few dayss you have participated in a 
lesson on how to generate more than one hypothesis that could eKplain 
a sciannific problem. In other wordSj you found out that there can 
be more than one reason whiah eKplaina why aomething happens* Todayi 
you will also be asked to generata some hypotheses but about 
a different scientific problem* Before we go on. It should be 
mentioned that today's work will be written and the next phase 
will be verbal. Thareforei you are requested to do your own work 
and to please try to do your bast Since it is difficult' in a 
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group of this size to put your group number on each papar during 
this session^ would you please write your name and science teatT^her'a 
name on your paper* If you need a pencil or pen or have another 
problem, please raise your hand. 

As previously mentioned you are tc watch some films today and 
then foiloT*! the directions. You should arafully watch this film 
cwo tirar ; f 'c.qj: which you will be instructed to writs as many 
hypothar3€ui ox reasons as you can that may explain why the proble.i:' 
exists . 

(At this points '-The Sailboat and the Fan" is shown two times.) 

Now you will have five minutes to write as many hypotheses $.u 
you can that may explain the scientific problem. Please do your 
best since this session is iraportant. AlaOs do not worry about 
spelling or awkward grammar—the important thing is to write your 
hypotheses. (During this time the film is shown one more time,) 

(After five minutes.) Five minutes are up— so please stop writing 
and turn your paper over. If you have written on this side of the 
papers raise your hand for another sheet. As you have probably 
thought, if you could only ask questions about scientific problems 
which would be answered then you could write better hypotheses. 
Thareforej you will be shown another film after which you will be 
asked to write questions which mUght help you better understand 
the problem. Xhereforej carefully watch this film two times - 

(At this points "The Ice Cubes'" is shown twice.) 

You will now have five minutes to write as many questions 
you want that .aight help you better understand the problem when 
ihey are answered. Remember you are to iirite questions you want 
answered not hypotheses. Again, do not worry about spelling or 
awkward grammar. Raise your hand if you have any difficulties. 
Please do your best and concentrate on your own work. CDurini 
this time the film is shown rmce.) 

(After five miuuies.) Your time is upl Please stop writing. 
You have now finished your parUicipation in this study for today. 
In a few daySi you will take part in ^.hase three* To make this 
session worthwhile for you, your classmates, and the eKperimenter , 
you will be requested to not discuss your hypothesea and questions 
with anyone but the experimenter. Please pass your papers to the 
front. Thank yoi^. 
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Q\,'anuion'3 During a Group Discussion 
ir;a Hyp g thesis Generation Aftervard 

Five days after the written measures for the preeeeding dependent 
vai cables 5 small group discuss. \jns began which were composed of those 
parcicipants from both classes who were in the same treatment groups 
(b^p Table 3j p, 57)* Since only one treatmant group could have its 
diF'Uission sesalon each day ^ the procedure took five days to complete. 
The 4 :tistions of the participants were audiotaped and written on an 
overhead transparency by the irvestigator so transcription for later 
analysis was possible. As a participant stated a queation, the 
f ollowi Ag applied* 

a. the question was repeated by the eKperimenter , 

b* writ tea on the transparency , 

c, prnjected for the members of the group to observe, 

d- repeated by the experimenters aiid 
answered a -^v-i i^i: ?..o response. 

If a question c.c .a non answeredi the investigator told the 
partiuipant : ''l cannot answer the queation thc^ way you stated it| it 
needs to be more specif''", so yes or no can be the answer," No other 
commeiL;.£i were made by the experimenter. To ascertain the relatl\e abaenca 
or consistency of nonverbal cues by thr investigator, four teachers * on 
separate occasions made an unannounced visit to one session for five minutes. 
They were asked to discuss their observations and detamine if the 
procedures were consistent and devoid of nonverbal or verbal aues . 
The unanimous decision was in favor of uniform behavior by the Invaitigator 
that neither encouraged nor disdouraged etudant partlGlpatlon. It should 
be noted that the teaahere were able to enter and leave uRdeteoted by a 
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L • entrance. Further, the time spent observing t;.a session was long 

enough to obtain a general idea of the procedure yet short engugh to 

not prohibit a student f m participaLing if the teacher^s presence 

was annoying. The audio taped instructions to the participants werei 

Hit Remeraber last week after you watched the film called 
"The Ice Cibesp" you were asked to write questions that you felt 
might help you write better hypotheses if they were answered* 
Today, you are going to do the sonie thing ex<^^pt for two major 
differences i 

first, you will ask questions instead of writing them, and 

second, the invastigatcjr will answer your questions with a 

yes or nr: :'se » 

But, before we . ... c^^gin you need a sciantific probloffl. Therefure, 
please watch carefully this film two times after which you will 
receive further instructions. (^^Drinking Boiling Coffee^' is projected 
two times , ) 

We can now begin a small group question and answer session 
about the film* The procedure will include I 

a, when you have a question about the scientific problem that 
you feel might help you generate better hypotheses, raise 
your hand, 

b, when you are called upon state your question to the experimenter 
(Remember it must be stated so it can be answered with 

a yes or no !) 

c. your questicn wl]l then be written on an overhaad transparenay 
so you and others in the group can use it to develop other 
specific qui^stionSj and 

d. finally, your question will be answered with a yes or no. 

This procedure will continue until twenty questions have b^en 
answered or until twenty minutes have passed* So the questions 
can be later analyzed, this session will be audlotaped. To 
insure your anonyniHy, I will not call anyone by name, (The session 
. now began.) 
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(After twcnnty questions or twenty minutes , the audiotape 
continued,) l^oj 1 will distribute paper and turn on the projector 
so you can viB^ the film again* I would appraGiate it if you would 
write as many hypotheses as you can that could explain the SGientific 
problem. As in the past^ you will have five minutes, 

(After five minutes.) Your time is up I Please stop writing 
and pass your paper to the front. Your participation in the study 
is now completed. But your help Is still needed since o.her members 
of your class are not finished* So to make the eKperiment a succeBS, 
please do not disGUss this session with your claasmates until next 
week* Thank you* 



Ass'^ssment of the Dependent Variables 
Quantity of Hypotheses and Questions 

The necessary measure for quantity was the number of no irepeatable 
hypotheses and questions. In the event of an incomplete sentence^ it was 
counted as part of the total quantity only if the meaning was understood 
so to be rated c^i to quality or diversity category* 

Quality of Hypotheses 

Since the scale designed by Quinn (1971) was validated and^ furtherp 
proven useful In analyzing the hypotheses of both, elementary students 
(Quinn, 1971) and secondary students (Wright^ 1974), It was selocted as 
the quality measure, fiy usln£ this scale (Table 5| p, 71 ; ^ each hypothesis 
of a participant was given the point value which corresponded to itR 
category. These numbers were averaged to determine the quality Ol /pothesls 
generation for each individuals These averages were used in the later 
statistical analyses* 
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TABLE 5.— Hypothesis Quality Scale of Quinn (1971) 



Points Classification 



No explanationi for example a nonsense statement, a 
question, an observation, a single Inference about a 
single concrete object 

Ilonscientific explanation: for example, " . . because 
it's magic" or "because the man pushed a button. 

Partial scientific explanations for example, incomplete 
reference to variables, a negative eKplanation, analogy 

Scientific explanation relating at least two variables 
in general or nonspecific terms 

Precise scientific explanation, a qualification and/or 
quantification o£ tbe variables 

Explicit statement of a test for a hypoLaesls (An Infer- 
ence is made here that the child who states a test can 
also hypothesize adequately and precisely.) 



Diver;sity uf Questions 

Suchman (1962b) devised a scale to detanaiue the cateBory of qupstlons 
gsnarated during an information search group discussion. Wright (1974) 
found it applicable for the analysis of the questions generated by ninth 
graders. Therefore, this scale (see Table 6, p. 73) was the preference 
for this study. 

The diversity of l-'.'Tstion search question scale is arranged 
so a question can be classified Into one of sixteen eategorles which 
are defined by tight parameters i 

1. events— refer to the occurrence of events (e.g. Did he 
wipe the blade?) , 

2. objects— refer to the nature of objects (e.g. Was the 
liquid water?) , 
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3* condltiona—refar to the states of an object, in thie 
context Gonditlons can vary and are defined by nunibers 
(e,g* Was the temperature of the water 85^ F?), 

4. properties— refer to properties ^ in this conteKt propertJ^s 
do not vary and refer to constant characteristics (e.g. uu^ih 

an urdinary Icuife bend when heated?), 

5* verification—if the question seeks to identify or verify sq'^u 
aspect the entire filmloop sequences 

6p experimentation-^if the ques'^.lon seeks to ascertain the 

consequences of some hypothetical change in the experlinent 
presented by the filmi 

7. necessity-»lf the question seeks to de^-.^rsiine whether a 

particuloi uupnct of a phenomenon in the film was necessary 
for the o ^ ome (cause and effect) | and 

8* synthesis"^ - .he question seeks to determine if a partluular 
idea of the- vy of causation is valid and explains totally of 
some aspect of the eKperlment* 

TABLE 6 *»-Diversity of information search question scale 



Events Objects Conditions Properties 



Verification 




V 

p 


V 

G 




E Kp e r inen t a t ion 


E 

e 


£ 

0 


E 

c 




Necessi ty 




N 

0 


N 

G 


"p 


Synthei is 


S 

e 


S 

0 


s 


s 

p 



The simplefit T^ay to analyae a question Is to first determine the 
vertical andj then, the horiiontal category - As a result, questions fall 
into one of the sixtean categories* A condition of high diversity la 
the presence of questions in many oategorled si QOmpkL^md with low diversity 
which cQntaine an equal number of questions but only In one category* 
For this Investigation, after all the questions were olasslflad for 
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each individuals mathematical manipulations made it possible to determine 
diversity. 

The Shannon Index was utiliged to calculate the diversity of 
questions becausa the various functions provided a concise way to 
express how the participants responses corresponded to maxlmtim diversity. 
Originally an information scale (iurrently employed by c r'Glogists) , the 
Shannon Index measures the uncertainty of predicting the specific identity 
of specific questions when drawing individuals flt randonr. Naturally, the' 
higher di\ rsity values indicate greater uncertainty. For calculations 
of this study s the following equation applied i 

a. H " CP* log where the sum of P. was the cimmulative 

probability of having a c^uestlon in each category of the scale> 

b. H , , ^ C CN log N - C n . log n.)i where N is the total 

Bits /Sample - ^ i ^ 1 

number of questions 1 C is a conversion factor; and is the 
number of ques^ bions in each categoryi 

c. J. n ^ £ (N log N - Cn log n j , 
Bits/ individuals N 1 i 

d. H m Log S (C) t maKimum diversity where S is the number 

Max 10 

of quei; tions , and 

e ^ .^^ii I the evenness calculation compares the number in 

BH'ii rrc^oty to the maximum diversity. 
Only the evenness value was presented in the data* If the maximum diversity 
was attained by a student (e.g* nine questions with one In each natsgorv)^ 
then the evenness value was one. Values » thereforSt ranged from m^o 
(if no quefejtir^ns were asked) to onm for maximum diversity. 
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Correlation to the Measurement Scales 

To assure the l^zk of prejudice on the part of the investigator 
in rating each hypothesis or question, two junior high sGience teachers 
were asked to rate fifteen hypotheses and questions whiGh were randomly 
selected from student responses during the study. Using Kendall^s 
Coefficient of Concordance (Hayes, 1973, pp. 801-03)* the resultB of 
the teachers and of the experimenter were compared. The coefficient 
values were 0.83 for the hypotheses and 0,94 for the questions. The 
seiected questions and hypotheses as well as instructions are Included 
in Appendix III (page 125), It is Interesting to note that the good 
agreement on the Hypothesis Quality Scale indicates the applicability 
of the instrument. Quinn (1971* p* 45) found an interjudge reliability 
coefficient of 0.94 when she validated the scale. 

Statistical Analyses 

The six dependent variables for the written queetions and hypotheses 
for each participant of the various experimental groups were analyzed 
by planned comparibc \^ (contrasts) for the main effect interactions and 
treatnient versus nontreatmenc comparisons, Vrtien a significant difference 
occurred, either the Newman-Keuls or Dunnett Test was conducted to 
dHtermine the extent. The level or :|nif Icance to support the hypothesis 
was 0.05, Figure 3 (page 78) depicts the sequence of statistical analyses 
for the preceeding dependent variables. 

To determine the impact of the dependent variables that referred to 
diversity of questions during the group diecuislon> an analysis of varianee 
and both the Newmsn-Ke.uls and Dunnett test were conducted • To further 
determine the effrct of previous eKposure to written ..ypotheses on subsequent 
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hypothesis generation behavlore, the analysis of covarianGe on thu piauned 
comparisons was conducted. The sovariablee were quantity and quality 
of hypothesis generation immediately following i-iStruction, and the 
variables were quantity and quality of hypothesis generation after the 
group discussion. Againp the level of significance to support the 
hypotheses was 0,05. 

r mary 

This study Involved a comp'i.M,:^on of five methods of hypothesis 
generation Intensive instruct:' also, the assessment of the effect 

of the instruction on group . cuosion shavior and thei subsequenti 
ability to generate hypotheL^js. iiasic^illy i students from the intaet 
classes of two ninth grade scifcuuu Leachecs were placed into each of 
the groups which received varying amountg of information. The independent 
variables were the presence or absence o£ reinforcement and knowledge of 
the criteria for an acceptable hypothesis. The si^ven dependent variables 
were I 

a, both the quantity and quality of written hypotheses immediately 
following instructioni 

b, both the quantity and diveraity of written information m^toh 
questionr iiTimediately following instructioni 

c, Che div*. .^i*"y of inf« ation search questions during a group 
discussXt' , »iAd 

d* both the cjantity and quality of written hypotheses after 
the group discussion* 

The discrepant event utiliaed to stimulate intanslvn Instruction 
md the dependant variables were selected films from th# Inquiry Development 
Program. The measure of the quality of hypotheses was the Hypotheris 
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Quality Scale, and the measure for diversity of question was the 
Information Search Scale*. The statistical analyses involved planned 
comyarisQn between axp^rimental groups. Chapter IV presents the 
specific findings. 
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COLLECT DATA: 

Individual Written 
Hypotheses and Questions 



SORT BY CATEGORV 



Information Sap.rch Behavior 

tm 



QUANTITY 

By Count 




DETEI 
QUALITY 
By Suchman 
Question Scale 
and Shannon Index 



Hypothesig Generation Br wior 
DETE^INE 



I. 



T 



detSEkF 
quantity 

By Count 



QUALITY 
By Quinn 
Hypothe^ils 
Quality Scale 



Quantity of 
Hypothases 
Following 
Instruction 



coOTuTE mms and standard deviations 

Placa In ^proprlate Category 



Quality of 
Hypotheses 
Following 
Instruction 



Quantity of 
Questions 
Following 
Instruction 



Diversity of 
Questions 
Following 
Ini traction 



Quantity of Qu 

Hypotheses Hj 

After Af 

Discussion Dl 
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N 
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s CUBS ion 



PERFORM PAIR-WISE CONTRASTS 



If No^j 



ilgnif leant 
Difference 



STOP 



If. Significant Difference 
at the .05 level— 

betwean instri grps* instr. grpa* 

vi < cont rol 

PERFORM NEWjMAN-KEULS PERFORM ^^ETT 

MALYSIS . lEST 



REPORT FINDINGS 



Fig# 3 ♦"Statistical analyiag for written hypothssei and questions 



CH^TER IV 



FINDINGS or TEC STUDY 

Techniques Utilized 

The individual wrirtan hypotheses and questions were analyzed 
using respeccively the Hypothesis Quality Scale (see Table 5| p. 72) 
and the Infoniiatiun S-^arch Scale (see Table 6, p. 73). Furthers the 
diversity of the questions was calculated by the Shannon Diversity 
Index (see p* 74). The derived values for all participants appear 
in Appendix IV (see p. 130)* 

There were five equally populated eKperimental grgups and six 
dependent written response variables, Pair-^wige comparisons were performed 
Oil each variable tu .scertain if differences between groups enisted because 
of the form of instrutuign rather than by chance alone- Specif ically , contrasts 
between the presence or abst^nca of reinforcement, criteria^ and treatraent 
interactional v.^ere coi.iucted. For the analyses ^ the computer program 
Mul uivariate Analysis of Vaiiance (Clyde ^ e^ al# ^ 1966 j pp. was 
employed bfr^cause it could determine the specific comparisons as requested. 
If a significant differenca occurred in a compariscn of intensive instruction 
groupsi then the NewiTian-^Keuls analysis (Dayton 1970, p. ^^7^ was conducted 
(by the researcher) to determine the extent. However , if a aignif leant 
differenca occurred in the compariaon of the intensive instruction groups 
and the control , then the Dunne tt teat (Dayton, 1970, p* 49) was utilized. 
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Tlie questions ganerated during the group discussion were transcribad 
and analysed to obtain the dlveratty value for each group, These values 
were first submitted to an analysts of vartanGe (Hays, 1973^ pp* 45 7-519) 
follovJed by the Newinan-Kauls and Duunett atialyses . (These three analyses 
were deterinlried by the researcher*) To assess the effBct of preylous 
eKposure to ganerating hypotheses prior to the group dtscussion on subsequent 
hypothesis gGnGration behavior aftar the group discussion, aii analysis of 
CO variance was canductad by the MLLlt ivariate Ana lysis of Variance 
(Clyde s et al . ^ 1966, pp. 20-^41) . The Qovariables were the quantity and 
qualtty of written hypotheses immediately follo^iag treatment and the 
variables v?ere the quantity and quality of written hypotheses after the 
group discussion. The level of significance to support each hypothesis 
was 0 . 05 . 

The Specific Contrasts 

The importance of planned pair--wise comparisons is that the univariate 
analysis is further delineated so tua preseiice of signif leant differences 
beconies obvious* The four comparisons of tMa Invas "igation involved i 

1p the four Intensive instruction groups versus the controlp 

2» the additive effect of critarla and relnf prcenient Cinteraction 
between treatment) , 

3, the reinforeed groups v^ersus the non— reinforced groups | and 

4, the criteria groups versus the non- criteria groups* 

The Research Hypo theses 

The hypotheses for this study were listed in detail on pages 9-17, 
Since each hypothesis for written hypotheses and questions (hypotheses 
one through twenty-four) corresponds to the planned palr^lse eomparieons, 
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the most concise way tu pzm^nt the data is to first uutlinR Lhm six 
dependent variables in terins of speGirin fiudJngs* Secondly, the data 
which refer to the hypotheses about the group discussion and j subsequftnt., 
ef tect qvl hypDthBSis generation behaviors (hypotheses tvcnty-'f ;bfe through 
twenty'-severi) will be presantad. 



Sunimary of ResuIts^-'Hypothesls 
Gemration Folloi^ing Instruction Sessions 

Dependent VariablG One- 
Quantity of Written Flypo thesis 
Generation FollDi^rlng Intenriive Insnrat;tion 

The fDv.r hypotheses which refer to the quantity ol yj-Lttan 

hypotheses following intenslv^e instruction arm 

1, rhere is a difference in the quantity of written hypotheses 
betweaii the following group which receives a form of ins true tic .1 
R.nd the control group i^hich receives no InBtructlon^ 

a* the differentiated reinforceineiit and cricfe-rla group 
versus uhe control groups 

b. the undifferentiated reinf orcemenr and criteria group 
veraus the control group, 

the differentiated reitif orcement only gr:iup 
versus the control group, and 

di the undifferentiated reinf orceTnent; only group 
versus the control group • 

2, The effects of differentiated reinf orcetnent and criteria are non* 
additive on ^he quantity of »^rltten hypotheses, 

3, There Is a difference In the quantity of written hypotheses 
between the following groups w^irh reGcive differentiated 
reinforcement as an instruction condition and the follov^lag 
groups which receive undlf f etentiated ralnf or cement i 

a, the differentiated rftinf orcement and criteria group 

versus the undif fereatisted reinforcement and criteria group 

b. the differentiated reinforcement and criteria graup 
versus the undif firentlated reinforcement only group 1 
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c. ;:Ue dit:it:i;en.tiated tainl'or cemen t only group versus 

LK^i und Uit'^rcutlaced rainf d-cenieni and ci-ltcria group, and 

cl. chc dit; fereutiated reinforcement ouiy group versus 
Lhe undl£fGrentlat.ed reiniorcement only group. 

4. There is a rliftarence in the quantity ot written hypotheaes 
DGUweer the folUT.ing groups which are told the crlterLa for 
good hvpctliGsLs £o-'mation and the foUo'rfing groups x^hlch aru 
not told die criteria for gocd hypothesig formation: 

a, rhLi differentiated reinf oreement and criceria group versus 
the die ferenitlat id reinforcement only group, 

b. the difiarentiatcd rein rorcement and criteria group versus 
Uu' uni;! ^tBruiiti itsd reinf orccinant only group, 

t.. uhe- undii:feranui?il;3d reinf o-cement and criteria srou.p versus 
Che dlLfarantiuted reinforcement only group, and 

d. the undiffcirentiated reinforcement and criteria group versus 
thfi unriifferentiated reinforcement only group, 

Table 7 (p. B3) lists the mean value for each experimental gioup. 

.^J.uhcu.n d.y ;.uau valu^c dirfcr, the specific pair^wlsc comparisons only 

iadicaEe a aignif Leant dlff trance for intensive instruccion Ctre^atment) 

ver«UH control and did? fr rentiated relnf orcetnent versus undifferentiated 

reinforcement (see TabiB 3. p. 83). The subsequent Newman-Keuls and Dunnett 

analyses indicate that significant differences only occur between the 

differentiated reinforcenient groups and the control (wee Table 9, p. 84)- 

The impltcation is, therefMG, that dif f ejeutiated reinforcement (e.g. good) 

as a treatment condition results In highet quantity of hypothesej only 

in comparison with the control (and not compared to the other latenslve 

instruction groups). Accordingly, only parts (a) and (c) of hypothesis 

one are supported while parts (b) and (d) of hypothesis om as v,eU as 

hypotheses two, three and four are not suppoTtod. 
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TABLE /.--Moans and standard deviationi for each intensive 
iii&^truc^lon group on the quantity of written 
hypo theses fallowing intensive instruction 



Mean 
Standard 




Group 








Ddvia "iou 


A* 




c* 


D* 




M 
£0 


2 . 121 

it - - - 


3.390 
1,686 


4.000 
i.844 


3.439 
1.450 


2.463 
1.790 



''Grorp A I Btf f erentiat^^d Rainforcement and Criteria 

-Group B': Uadif feren elated Reinforcement md Criteria 

'^'^Graup Biff erentiated Reinforcement only 

^^Group Undifferentiated Reinf orcernenc only 

^^Group Ki Cantrol 



TABLE 


comparison 


J of fne 


eKperlinental 


groups 


for 


the qu 


aiitity of hypothasis 


generation 


lollowin 


E 


intensive ins truction 










Degrees 


Sum of 


Meaa 




Probability 


Source 


Freedorrj 


Squares 


Square 


F 


(less than) 


Treatuient vs. Control 




51„75l 


51.751 


16.123 


.001* 


Interaction 


1 


.098 


.Oi98 


.030 


.862 


Differentiated Rein- 












f ornenient vs . 












U^*dlf f erentia ted 










.030* 


Reinf . 


1 


15.244 


15.244 


4.749 


Criteria vs * no Crlteri 


a 1 


.000 


.000 


.000 


l.OOO 


Error 


200 


641.951 


3,21 






Total 


204 


709.004 









^Significant at 0*05 



100 



84 



lABLE 9 .---Pair-wise analyses of experimenttil group data for the 
quantify of writcen hypotheses following intensive 
ins tructloii 







N euTn an,-Ke u 1 a • 






Dunne £t** 


Group 


Mean 


A C 

4.049 4.0OO 


D 

3.A39 


B 

3.390 


E 

2 .463 




4.049 


.1751 


2.1801 


2.3352 


4 .0080** 




4.00O 




2.0049 


2.1801 


3 .8842** 




3.439 






,1751 


2 .4665 


9 


3 .390 








2.3425 




2.463 











^Significant at 0*05 when ta4*04 
^^Significant ac 0.05 when t^3,21 



^Group A: 

^Group C: 
^Group 
" Group E J 



Differentiated Reinforcement and Crltaria 
Undifferentiated Relnf orcement and Criteria 
Differentiated Reintorcement only 
Undifferentiated Reinforcement only 
Controi 



Dependent Variable Twc^^ 

Quality of Written Hypothesis 

Generaciori Follov^ing Intensive InBtfuction 

The four hypotheses which refer to this dependent variable arei 

5* There Is a difference in the quality of written hypotheses 

between tho. following grcups which receive a form of intensive 
Instruction and the controi group which receives no initructlon* 

a, the differentiated reinforcement and criteria group 
versus the control group i 

b, the undifferentiated reinforcement and criteria group 
versus the Gontrol group, 

c, the differentiated reinforcement only group 
versus the control group i and 
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d. t:hc andif f erentiatad reinforcement only group 
varsus the control group. 

6, The effects of differentiated reinforcement and cvitevla are 
non-additive on the quality of written hypothes^^Si 

7. Thare is a difference in the quality of written hypotheses 
becween Che following groups which receiva dif f erenctated 
reinf orcemant as an Instruction condition and the follcwlng 
groups which receive undif f ereritlated reinforceTnent* 

a. the differentiated reinforcement and criteria group 

versus the undifferentiated reinforcement .and criteria group 



b* the differentiated reinf orcetiient and criteria group 
versus the undifferentiated reinforcement only group ^ 

c* the diff srartiated reinforcemant only group varsus 

tne undif f erenctatsd reinforcement and criteria group, and 

d. the dlf rersntiated reinf Qrcemant only group veisus 
the undifferentiated reinforcement only group, 

8, There is a difference in the quality of written hypotheses 
batwaen tha following groups which are told the criteria for 
^ood hypothesis format ion and the fDllowing groups which are 
not told the criteria for good hypothesis formation- 

a. the differentiated reinforcement and criteria group versus 
the differentiated reinf orcament only grcif j 

the differentiated reinforcement and criteria group versus 
the undifferentiated reinforcement only groups 

c, the undifferentiated reinf orcament and criteria group 
versus the differentiated reinforcement only group, and 

d* the undifferentiated reinf or ceman*^. and criteria group versus 
the undifferentiated reinforcement only group* 

Table 10 (p , 87) llets the mean values for all the eKperlTnental 

groups. Pair«wlse comparisons. Illustrated in Table 11 (p * 87), indieate 

the differences to be significant for treatment (intenslva Instruction) 

versus the control, interaction of the treatments, and criteria versus 

no criteria. Further i the Newnian-Keuls and Dunnett analyses (rable 12, p. 8 

Indicate that differentiated reinforcement, criteria or both are raeponiible 
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It r a signi f tcaiitly ;^reater quality of hyppthes^s than treatment 
wltIiC3ut th^^ir pr%;BeriLi»J or iio intensive ims tructlon. Figure 4 Cbelow) 
illustrates the condition implied by the data that when differentiated 
reinf orce:icait is present the addition of criteria has no effact, thereforei 
parts (aj 5 (h), and ( c) of hypothesis five^ hypothesis sIk, and parts (b) 
and (d) of hype tl:ases seven and eight are supported. 



QUALITY 
SCORES 



2.900 
2.800 
2 .700 
2.600 
2.500 
2.^00 
2.300 
2,200 
2,100 
2.000 



0.000 I 



( differentiated 
L e i a f o r c enien t ) 

(2,764)^^^- 




(undifferentiated 
reinforcement $4 erlteiria) 



(2.836) 



A (differentiated 
(2,667) reinf orceraent & 

criteria) 



(undifferentiated reinforcement) 
D 

(2,131) 



NO YES 
CRITERIA 
PRESENCE 



Fig. 4 .—Interaction Graph of Treatments 



103 



87 



TABU-: 10. --Means and standard deviations for each intensive 
instruction group on the quality of written 
hypotheBea following intensive instruction 





Group 


Mean 

Standard Deviation 


A* 


B* 




D* 




M 


2.667 


2.856 


2.764 


2.131 


1.853 


3D 


.757 


.640 


.557 


.669 


1.028 



AGroup A: Differentiated leinf orcement and Criteria 

*Group B: Undifferentiated Reinf orcefflant and Crlterie 

ftGroup Differentiated Reinforcement only 

*Group D: Undifferentiated Reinforcement only 

"Group E: Control 



■I'ASLE 11.— Pair-wise coniparlsons of the experimental groups for 

the quality of hypothesis generation following intensive 
ins truction 



ijouree 



Treatment vs . Control 
Interaction 

Differentiated Reinforcement 
vs. Undifferentiated Reinf. 

Criteria vs. no Criteria 

Error 

local 



Degrees of Sum of Mean 
Freedom Squares Square F 



1 
1 

1 
1 

200 
204 



18.519 18.519 
6.913 6.913 



2.018 
4.037 
112.289 
143.775 



2.018 
4.037 
.562 



Probability 
(less than) 



32.984 
12,312 

3.593 
7.190 



.001** 
.001* 

.059 
,008* 



^Significant at 0.05 
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TABLE 12.— Pair-wise analyses of experimental group data for the 
quaiity of written hypotheses following iutenslve 
instructiorx 









Newmaii-Keuls* 




Dunne tt** 


Group 


Mean 


B 

2.856 


C 

2.764 


A 

2.667 


D 

2.131 


E 

1.853 




2 .856 




.7858 


1.6143 


6.1924* 


6,0631** 


c3 


2.764 






.8285 


5.4066* 


5.5070** 




2.667 








4.5781* 


4,9206** 


.5 


2.131 
1.853 










1.6805 



^Signif icant at .05 when ti4,04 
5'^>^Signlficant at .05 when t^3,21 



^Group A; 
^Group B I 
^Group Ct 
^Group Df 
Group E: 



Dif f erentiated Reinforcement and Criteria 
Undifferentiated Retnf orcament and Criteria 
Differentiated Reinforcement only 
Undifferentiated Reinforcement only 
Control 



Summary of Results—Information 
Search Following Intensive Instruction 

Dependent Variable Three-'- 
Quantity of Written 
Information Search Questions 
Following Intensive Instruction 

Table 13 (p. 90) ahows the mean values for the quantity of written 

Information search questions- The pair-wise comparisons indicate the 

contrast of the intensive instruction groups to the control as aignlf leant 

(see Table 14- p* 91)- Howeverp the Dunnett testj which accounts for error 

associated with multiple individual coiriparlsong, Indleatea no significant 

differencea as shown in Table 15 (p. 91). The Implication is that the 
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intensive Instruction cloeB not iiviprove the students' ability to generate 
a greater quantity uf qucsrions* Accordingly, the following hypotheses 

are not supported. 

9* Thare is a difference in the quantity of written information 
search questions between the following groupa which receive 
a form of instruction and the control group which receives 
no instruction^ 

a. the dif ferentjVatGd reinforcement and criteria group 
versus the control groups 

b. the undif ferantiated reinforcement and criteria group 
vers us the control groups 

c. thu diCLerentiated reinforcement only group 
versus the control group, and 

d. the undifferentiated reinforcement only group 
versus the contfoi group* 

10. The effects of differentiated reinforcement and criteria are 
non-'additiv^ on the quantity of written information search 
ques tions * 

11. There is a difference in the quantity of written inf oriaation 
search questions between the following groups which receive 
differentiated reinforcement as an Instruction condition and the- 
following groups which receive undifferentiated reinforcement; 

a. the differentiated reinforcement and criteria group 

versus the undifferentiated reinforcement and criteria group, 

b. the differentiated reinforcement and criteria .group 
versus the undifferentiated reinf orcament only group, 

G. the differentiated reinforcement only group versus 

the undifferentiated reinforcement and criteria group ^ and 

d. the differentiated reinforcement only group versus 
the undifferentiated reinforcement only group. 

12. There is a difference in the quantity of written inforination 
search questions between the following groups which are told 
the criteria for good hypothesis formation and the following 
groups which are not told the criteria for good hypothesis 
formations 

a- the differentiated rainf orcement and criteria group 
versus the differentiated reinforcement only group, 
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b* the dif fereritiatGd reint orcement and criteria gruup 
versus Che undif f crcntiaUGd reitif oruement only group, 

the uiidif f arentiated reinforcement and criteria group 
versus the differentiated reinforcement only group i and 

d, the undif f erentiateu reinforcement and criteria group 
versus the uudlf f arentiated reinforcement only group. 



TABLE 13. "-Means and standard deviationB for each Intensive 
instruction group on the quantity of written 
inforvnation search questions following intensive 
ins tructlon 



.iuan 


Group 


Standard Deviation 




A'- 














M 


4 


.878 


5 


.195 


5.220 


5.098 


3 


.902 


3D 


2 


.159 


2 




2.7 70 


2.755 


1 


.960 



^Group A: Differentiated Reinforcement and Criteria 

^'Group Undifferentiated Reinforcement and Criteria 

^Group Differentiated Reinforcement only 

^''^Group D* Undifferentiated Reinforcement only 

^^Group El Control 



Dependent Vartable Four— 
Diversity of Written Information 
Search Questions Following 
Intensive Instruction 

Table 16 (p. 9 3) illustrates the differences in mean values among 
the experimental groups* Further, the contrasts (see Table 17, pp 93) 
indicate significant differences between the treatment groups and the 
control. The Dunnett analysis p however^ indicates no stgnif leant 
differences for the various pair^wise comparisons (see Table 18, p, 94)* 
This finding implies, that although the intensive Ina tructlon groups 
have a greater mean diversity of questions thMi the control, the intensive 
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TABLE 1.4 ."--Pair-wise comparisons of the experimental groups for the 
quanti ty of information search ques tions following 
in tensive ins traction 



Source 


Degrees of 
Freedom 


S urn 0 f 
Squares 


Me an 
Square 


F 


Prob ability 
(less than) 


ireaCinenc vs • uoatrox 






46 .849 


7 .880 


.005^ 


Interac tion 


1 


1,976 


1.976 


.332 


.565 


Diif erentiated Reinforcement 
vs • Undif f erantiated Reit.f . 


1 


,390 


*390 


,066 


.798 


Criteria vs. no Criteria 


1 


.610 


,610 


,103 


.749 


Error 


200 


1189*073 


5.945 






Total 


204 


1238*898 









-aignif leant at 0.05 



TABLE 15. --P^ 


iir-wise analyses of experimental 
quantity of written information 
following intensive Instruction 


group data for the 
search questions 


Group 




Mean 


E (Dunne tti**) 
3.902 






5.220 


2.4475 






5.195 


2,4010 






5.098 


2,2209 






4.878 


1,8125 






3.902 





^^Significant at 
1 



0.05 when t ^3.21 



^Group 
^Group 
^Group 
Group 



hi Differentiated Reinforcement and Criteria 
B: Undifferentiated Reinforcement and Criteria 
Dif ferenLiated Reinforcement only 
Undifferentiated Reinforcement only 
E I Control 
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InstnictiDri dees riat significantly improva the diversity of questions* 
Ttxerefo« the foUawlng hypottiests are riot supported^ 

13- ^he^e la a dlffer^eace iti the diveraity of written inforniatioa 
gea^cb ques CloTis bet^&en the followiiig groups which rBceive 
a fcrni of Inscructtm and tHe control group which recalves 

a. the differentiated ralnf or cement and criteria group 
vareus the co^tr'ol sroupj 

b i the undtffereMttted :eetnf orcement and criteria group 
veiBus the control group > 

c, the differentiated reinforcement only group 
versus tha cositrol group, and 

d i the utidifferefitLated reinf or cement only group 
versus the cotitrol group* 

14* Ihe effects of di.ff arsntiated reinforcement and criteria are 
jioii--addl tiva an the di^vitfslCy of written inf ormatioii search 
questions* 

15* ^he is a dlffereiice in the diversity of written information, 
^ea i:ct^ ques tlons between the following groups which receive 
Jif fei^entiated reiniorcaiiient ai an instruction condition and 
the followlrig group wblcti received undifferentiated reinforcenienti 

a. the differentiaCid reinf orcement and criteria group 

versus the undif ferrentlated reinforcement and criteria groupi y 

b . the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only grciupi 

c* the diff erentlatsd reinforcement only group versus 

the undiff^refltl.ated reinf crcement and criteria groups and 

d, the dlff erentlatid reinforcement only group versus . , / ,a 
the undiffer&iitl^ated srelnf or cement only group. 

16. ^here ig a dlfferrence in the diversity of written Informatloa , -ij 
^ia?ch q^ee tlons between the following groups ^hleh are told |5 
the criteria for gocd hypottiepie f omatiori and . ths f oIIotI^^ 
gro^p^ which are not cold tt\e criteria for good hypotheaia formatl^^ 

.. . . . 

a, the differentiated reinforoement and criteria group verius ;v| 
the dlff erentiaced reinforcement only group ^ ..'-^i^ 

b , the differentiated reinforcement end, criteria group versus o;;^;.^^^ 
th# utidl.ffei:exti.atad «einf or cement only groups li-^i^Q 
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c • the undifferentiated reinforGement and criteria group varaus 
the dlf ferenttated relnf or cement only group g and 

d. the undif f erantlatad reinforcement and ertterla group versus 
the undif ferentiated reinforcement only group . 



TABLE 16. "Means and gtandard deviations for each Inteaaive 
Instruction group on the diversity of written 
information search queatlons followliig Inteneivs 
Instruction 



Mean 


Group 


Standard Deviation 


A.* 


B* 




D* 


E* 




.797 


.770 


.737 


.713 


.608 


SD 


.340 


.330 


.372 


.388 


.448 



^Group ^1 Dlf f arentiated Relnf orcemant and Criteria 

^Group Bi Undif f erentlatad Reinforcement and Criteria 

^Group Ci Dlf f arantlated Relnf orcernEnt only 

*Group Undifferentiated Relnf orcemerit only 

^Group El Control 



TABLE 17,-=^Palr-^ise comparisons of the experimental groups for the 
diversity of information search questions following 
intensive instruction 



Source 



Degrees of 
Preedom 



Sum of 
Squares 



Mean 
Square 



Pifobablllty 
(leas than) 



Treatment vs. Control 1 

Interaction 1 

Differentiated Reinforcement 

vs. Undlf farentlatad Relnf , 1 

Criteria vs, no Criteria 1 

Error 20U 

Total 204 



.703 
.000 

.026 

28*566 
29*434 



.703 4.919 ,028* 
.000 .001 ,981 



.026 
.139 
.143 



.180 ,672 
.973 ,325 




*Signlfieant at O.OS 
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TABLE 18. ---Pair-wise analyses of the experimental iroup 

data for th'\ diveriity of information saarch 
questious following tntenslve instruction 



Group 


Mean 


.6079 




.7966 


.7145 


b2 


.7702 


.6143 




.7370 


.4888 




.7134 


.3994 




.6079 





^'^Significant at -05 when t^3*21 



J Group A. 

^Group B 

, Group C 

.Group D 

Group E 



Differentiated Relnf oreeaent and Criteria 
Undifferentiated Reinforcement and Criteria 
Differentiated Retnf orceutent only 
Undifferentiated Reinforcement oiily 
Control 



Suinmary of Results—Hypothesis 
Generation Follomng the Group Discussion 

Dependent Variable Five--^ 
Quaritlty of v/ritten Hypothesis 
Generation After the Group Discussion 

The four hypothesas which refer to this dependent variable are: 

17* There Is a differeiiCB in the quantity of written hypo theses 

between the folloi^ing groups which receive a form of instruction 
and the control group which rsceives no Instructioni 

a, the differentiated reinforcement and criteria grQup 
versus the control group , 

b, the undiffetrentlated reinforcement and criteria group 
versus the control group i 

c, the differentiated reinforcemfint only grotip 
veraus the control group, and 
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d* the uiidif f erentiated reinforcement only group 
versus the control group. 

18* The affectB of differentiated reinforcement and criteria are 
no ti- add! Give on the quantity of written hypotheses • 

19 i Thera is a difference in the quantir.y of written hypotheses 
between the fo Hawing groups which receive differentiated 
relnf orcsiiient as an instruction condition and the following 
groups which receive undifferentiated reinforcements 

a. the differentiated relnf orcetnent and criteria group 

versus the uadif ferentiated rcinf orcr ^ent and criteria 
group, 

b* the dif f erentiatacl reinforcement and criteria group 
versus the undif rantiated reinforcement oily grQUp^ 

Cp the differentiated reinforcement only group versus the 
undifferentiated reinforcement and crittek^ia groups ^nd 

dp the differentiated reinforcement only group versus the 
undifferentiated relnf orceiTient only group- 

20* There is a difference in the quantity of written hypotheses 
between the following iroups which are told the criteria for 
good hypothesis forrnation and the following groups which are 
not told the criteria for good hypothesis formatloni 

a. the differentiated reinforcement and criteria group 
versus the differentiated reinforcement only group, 

b. the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only groups 

c* the undifferentiated reinforcement and criteria group 
versus the differentiated relnf orcement only group, and 

d. the undifferentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only group* 

Table 19 Cp . 96) indicates the mean values for each experimental 

group. Further^ Table 20 (p. 96) shows significant differenees betwaen 

the treatment groupa versus the control and the interactlori between 

treatment groups* The Newman-Keuls and Dunnett analyses (see Table 21, p* 97) 

indicate dlf f eranttated relnf orcenient only intensive Instruction Is risponsible 

for slgnificantLy higher quantity of hypotheses than no Intenilve instruction. 
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Therefore, part (c) of hypothesis one Is supported while the reinairilng 
portions of hypothesis sevanteaii and hypotheses eighteen, nlneteetij and 
twenty are not aupportad. 



TABLE 19. -"Means and standard deviatloiis for each expariniental 
group on the quantity of written hypotheses 
ml ter the group discussion 



*nean 

Standard Devlacioii 



M 

3D 



*Group 
^^Group B ; 
^Group Ci 
^^Group D: 
^GrQup E : 



Group 



A^ 



2.293 



1.736 



2.805 
2,552 



3,293 
1.874 



D* 



2,341 
1*493 



Diff srentiated Reinforcement and Criteria 
Undifferentiated Reinf Df ceinent and Critefla 
Dirf ersntiated Reinf orceineiit only 
Undif f erentiatsd Reinf orceinent only 
Control 



1.902 
1.241 



TABLE 20 Pair-v;ise Gouipariscns of the experimental groups for the 

quantity of written hypotheses after the group discussion 



source 

Treatraant vs , Control 
Intaraction 

Dif farentlated Reinf orcenieiit 
vs* CTndif f arentiated Reinf. 

Criteria vs # no Criteria 

Error 

Tot al 



Degrees of 
Freedom 



1 
1 

1 
1 

200 
204 



Sum of Mean 
Squarea Square F 



19.980 
2i;951 

1,975 
2. 951 
672.244 
719.102 



1.976 
2.951 
3.361 



Probability 
(lesa than) 



19.980 5,944 .016* 
21.951 6.531 •011^ 



.588 .444 
.878 -350 



= -In 



^Significant at 0.05 
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TABLE 21. ^"Pair-wise analyses of eKperlmencal group data for 

the quantity of written hypotheses after the group 
discussion 





i 






Nawman-Keuls* 




Dunne tt*»* 


Group Mean 




C 

293 


B D 
2.805 2.341 


k 

2.293 


E 

1.902 




3.293 






1.7045 3.3250 


3.4927 


3.4353'^* 




2.805 






1,6206 


1.7882 


2.2301 




2.341 








.1676 


1.0842 














.9636 


^5 


1.902 














*Slgnif leant 
"Significant 


at 

at 


.05 
.05 


when t i4.04 
when t i3.21 







^Group 
^Group B : 
^Group C * 
^ Group P* 
^Group E I 



Dl ff arentiated Reinf orcemeiit and Criteria 
Undlff etentlated Reinforcemant arid Criteria 
Diff ereiitiated Reinf Qrcement Qnly 
Uiidlff arentiated Reinforcement only 
Control 



Dependent Variable 31k" 
Quality of Written Hypothesis 
Generation After the Group Discussion 

The four hypotheses for this dependent variable are i 

21* There is a differenGe in the quality of written ^hypothesei 
between the following groups which receive a form of 
instruction and the control group whleh reeeives no inscruccion 

a, the dlf ferantlaced reinforcement and orlteria group 
versus the control group » 

b, th€ undif farantiated reinf oroement and criteria group 
vers s the control group, 

Cp the differentiated reinforcement only group 
versus the control group i and 

d, the undifferentiated reinforcement only group 
versus the control group. 
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22. The effects of differentiated reinforcement and criteria 
are non-additive on the quality of writt&n hypotheses* 

23 i There is a difference In the quality of written hypotheses 
betx^een the follov/lng groups which receive differentiated 
rainforceraent as aa instruction condition and the following 
groups which receive undifferentiated reinforcements 

a. the dif f ereritiated reinforcement and criteria group 

versus the undifferentiated reinf orcement and criteria group 

b* the differentiated reinforcement and criteria group 
versus the undifferentiated reinforcement only group, 

c* the differentiated reinforcement only growip versus 

the undifferentiated reinforcement and criteria group, and 

d* the differentiated reinforcement only group versus 
the undif f er'entiated reinforcement only group . 

24 » There is a difference in the quality of written hypotheses 

beCtfl^sen the followini groups which are told Lhe criteria for 
good hypothesis formation and the following groups which are 
not told the criteria for good hypothesiB formation: 

a. the differentiated reinforcement and criteria group 
versus the diirerenttated reinforcement only group, 

b, the differentiated reinforcement and criteria group versus 
the undifferentiated reinforcement only group, 

c* the undifferentiated reinforcement and criteria group veraui 
the differentiated reinforcement only group, and 

d, the undifferentiated reinforcement and criteria group versug 
the undifferentiated reinf rrcement only group* 

lable 22 (p. y9) indicates the mean values of each group. Further, 

Table 23 <p,100) illustrates comparisons which show a significant difference 

betweexi the treatment groups versus the control and the criteria groups 

versui no criteria. As a result of the NeTOan-Keule and Dunne tt analyses 

(see Table 24, p . 100) t significant diffarences occur between the groups 

receiving criteria as an intensive instruction condition and those receiving 

no intensive instruction or undifferentiated reinforcement only* This 

finding indicates that the Intenilve instruction method of criteria la better 
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than no Instruction or Instruction without criteria and undifferentiated 
reinforceiiient. Accordingly, parts <a) and <b) of hypothesis twenty- 
one and parts (b) and (d) of hypothesis twenty-four are iupported while 
the remaii,lng parts of these hypotheses and hypotheses twenty-^two and 
twenty-'three are not supported • 



TABLE 22 .-'-^Means and standard deviations for eaeh experimental 
group for the quality of written hypotheses after 
the group discussion 



Hean 


Group 


Standard Deviation 


A* 


B* 


c* 


D* 


E* 


M 

SD 


2.798 
.955 


2.815 
.758 


2.590 
.825 


2.234 
.984 


2.087 
.905 



^^Group ki Differentiated Reinforcement and Criteria 

^^Group B: Undifferentiated Rein.forcement and Criteria 

'^Group Ci Differentiated Reinf oreement only 

^Graup Undif f <^rantiated Ralnf oroement only 

'^Group E; Control 
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TABLE 23 .^^^Pair ^^ise comparisons of the experimental groups for the 
quality of written hypothesis generation after the 
group discussion 



Source 


Degrees 
Freedom 


of Sum of 
Squares 


Mean 
Square 


F 


Probability 
(less than) 


irttacLuynL vs • uoncrox 


X 




0 .y42 


11 .304 


,001* 


Interaction 


1 


1.429 


1.429 


1.807 


.180 


Differentiated Reinforcement 
vs. Undif ferentiat£d R^inf. 


1 


1.183 


1.183 


1.496 


.223 


Criteria vs » no Criteria 


1 


6.381 


6.381 


8.066 


.005* 


Error 


20O 


158.216 


.791 






Total 


204 


176.152 









^^Signif icant at 0,05 



TABLE 24. ^--?air--wisa analyses of experimental group data for the 

quality of written hypotheses after the group discussion 



Group 



Mean 



Neraan-^Keuls* 



B 

2.815 



A 

2,798 



C 

2.590 



D 

2,234 



Dunne tt^* 



E 

2*087 





2.815 




.1224 1.6199 


4.1829* 


3.7061** 




2.798 




1.4975 


4.0605* 


3,6196** 


C3 


2.390 






2.5630 


2.5607 




2.234 








.7484 















^Significant at 0.05 when tS*4.04 
^^Significant at 0.05 when t*3,21 

gGroup ki Differentiattd Reinforcement and Crlterli 

^Group Bi Undif f erentiatad Reinforaement and Criteria 

^Group Ci Diffferentlattd ^inforeament only 

^Group Ds Undifferentiated Reinforcement only — 

Group El Control 
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Suimtiary of Results— "Diversity of 
Information Search During the Group Discussion 

These findings have been treated separately from the written data 

since they deal only with group results and not the gum of all individuals 

in each group* This reduction is reflected by a deareaee In the total 

nuiaber of participating unltB»-205 (200 df) to 30 (25 df ) , The hypothesis 

for this— the seventh dependent varlable-**ii i 

25. There is a difference in the diversity of verbal queatione 
aontributad by the varioui treatment groups during a group 
disQussion about a disorepant event* 

After the diversity Index for the data was Gomplled for each group i 

the values were analysed with the Analysis of Variance and the Newman-Keuls 

and Dunnett tests- The resuItSj which appear In Tables 25 and 26 (p. 102)* 

indicate no significant differences between any treatmsnt groups or any 

traatmant group and the control, This implies. In the presence of peer 

interaction^ diversity of oral questions is not significantly improved by 

iatansive instruction in hypothesis generation. Therefore, the above 

hypothesis is not supporced- 
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TABLE 23 .---Analysis of variance for diversity of information 
search questions during the group discussion 



Sum of Mean 
Squares Square 



Treatments 4 0,0251 0-0063 1.9688 

(between 
groups) 

Error 25 0.0606 0,0032 

(within 
groups) 

Total 0*0857 



5^For significance at 0*05* F must be greater than 2 •76* 



Degrees 
of 

Source Fraadoifi 



TABLE 26 ."Pair-^wise analysis of data for diversity of information 
search during the group discussion 



Group 


S tandard 
Deviation 


Mean 




I eWinan— Keu Is* 






Dunne tt** 


D 

.8735 


A 

.8736 


C 

.8564 


B 

.8452 


E 

,7802 




0,0370 


.8755 




.0823 


.8271 


1.3120 


2.9180 


a1 


0.0684 


.8736 






.7448 


1.2298 


2.8598 




0.0649 


.8565 








.4893 


2.3362 


b2 


0.0435 


.8452 










1.9902 




0.0547 


.7802 













^Significant at 0.05 when t&4,04 
^^s^Signif leant at 0.05 when t^3,21 

Jcroup A: Differentiated Reinf orcement and Criteria 

Group Bi Undifferentiated Ralnf orcement and Criteria 

^Group Dlf f erintiated Relnforcenifiat only 

^Group Di Undifferentiated Reinforcement only 

Group Control 
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Summary of Results— Performance for 
hypothesis Generation After Group Discussion 
Using Previous Exposure as a Covariable 

An interesting 'aspect of the interpretation of the data was to 

determine if studentt* from the various groups improvad their ability to 

generate hypotheBes (both quality and quantity) becauge of previous 

exposure to the prQcess of generating hypotheses. Accordingly, the best 

mBasure was to ©Kamine the significant differences of the palr^wise 

comparisons using previous data as a covariable* The two hypotheses 

for the analysis are : 

26, using the results of the quantity of written hypotheses 
immediately following treatment as a covariable for the 
quantity of written hypo theses after the group discussion , 
there is a difference between the following planned 
compar isons * 

a* treatment vs. control^ 

interaction between treatments s 
c* differentiated reinf orcemant vs * undifferentiated 

reinforcement 5 and 
d* criteria vs # no criteria j and 

27. using the results of the quality of written hypotheses 
iramediately following treatment as a covariable for the 
quality of written hypotheses after the group discusslonj 
there Is a difference between the following planned 
coriparlsons i 

a, treatr.ient vs. control, 

b. Interaction between treatments * 

c* differentiated reinforcement vs. undif ferentiatad 
relnf orce.nent s and 
criteria vs* no criteria- 



Tables 27 and 28 (p* 104) Indicate significant differences for the quantity 
of written hypotheses with the interaction comparison and with the quality 
of written hypotheses with the criteria vs« no criteria comparison* However 
the Uewman-Keuls results for quantity of hypathesea after group dleausaion 
(Table 21, p* 97) ^ indicates no further slgnlf icanca. Thereforep hypothasli 
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TABLE 27 .-^"Pair-wise comparisons of experimental groups for the quantity 
of written hypothesis generation after the group discussion 
using pravious quantity of written hypotheses as a covariate 



Source 


Degrees 
Freedoia 


or 


Sun of 
Squares 


Mean 

Square 


F 


Probability 
(less Chan) 


Treatment vs. Control 


1 




8.102 


8.102 


2,561 


.111 


Interaction 


1 




24.800 


24.800 


7.838 


.006* 


Differentiated Reinforcement 
vs • Undifferentiated Reinf* 


1 




.301 


.301 


.095 


.752 


Criteria vs * no Criteria 


1 




1.994 


1.994 


.630 


.428 


Error 


198 












Total 


202 












>^Signlf icant at 0.05 














TAjLE 28 •"--Pair-wtse comparisons of 
of written hypothesis 
using previous quality 


experimental groups for the quality 
generation after the group discussion 
' of written hypotheses as a covariate 


Source 


Degrees 
Freedom 


of 


Sum of 
Squares 


Mean 
Square 


F 


Probability 
(less than) 


Treat^nant vs , Control 






2.899 


2.899 


3.761 


.054 


Interaction 


1 




.515 


.515 


.668 


.415 


Differentiated Reinforcement 
vs i Undifferentiated Relnf* 


1 




.407 


.407 


.528 


,468 


Criteria vs* no Criteria 


1 




4.529 


4.529 


5.875 


.016* 


Error 


198 












Total 


202 













*Signif leant at 0.05 
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twanty-slK is not supported as no differences occur between any of the 
comparlaona . The quality of hypothesei after group discuasion Hewraan* 
Keule data (see Table 24, p* 100) i indicates significant differences do 
occur between treatment groups. Therefore^ hypothesis twenty-seven 
is supported for the comparison involving criteria vs, no criteria 
and rejected for the other comparisons # 

Summary of the Findings 

The findings support inany of the hypotheses and, thusp indicate 

differences between the methodi of hypothesis generation intensive 

instruction utilised in this study. For each of the dependent variables, 

the findings Involve the following* 

a. Dependent Variable One — Differentiated reinforcement as an 
intensive instruction method Is reaponsible for a higher 
quantity of written hypothesis after Intensive instruction 
than the Instruction method which involves no intensive 
instructioni 

b* Dependent Variable Two—Participants who received intensive 

instruction which emphasises either dlf ferantiated reinforcement, 
criteria or both generate a higher quality of written hypotheses, 
following intensive instruction, than participants who recetve 
only undifferentiated reinforcement or no intensive instruction. 

c. Dependent Variables Three and Four — No form of hypothesis 
generation intensive instruction improves the participants - 
ability to generate a greater quantity or dlveriity of written 
informatlou search questions following InteMive Instruction. 

d. Dependent Variable Five—Differentiated reinforcement alone as 
an intensive instruction condition is responiible for a grsater 
quantity of written hypotheses than no Intenalve Initruetion 
following the group discussion, i 

e. Dependent Variable Six— Criteria as an intensive instruction 
method is responsible for a higher quality of written hypotheses, 
after the group discussion, than the Instruction method of 
undifferentiated reinforcement or no Intensive instruction. 
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f« Dependent Variable Seven-'-'ln the presence of the group 

discussion, diversity of oral information search questions 
is not significantly improved by hypotheiig generation 
intensive instruction, 

g. Participants who received intensive Instruction which utilised 

criteria were not effected by prior exposure to written hypothesis 
generation when they generated a higher quality of written 
hypotheses—than participants who received only undifferentiated 
reinforcement or no intensive instruction—after the group 
discussion. 
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CHAPTER V 



CONCLUSIONS, II#LICATIONS, AND RECOMMENDATIONS 

If ever there was a cause ^ if ever there can be a causes 
worthy to be upheld by all the toil or sacrifice that the 
human heart can endure ^ it is the cause of education. 

Horace Mann, 1796-1859 
Summary 

The formation of hypotheses is such an Important objective of 
science education that curricula designed over the last fifteen years 
have emphasized specific learning activities which encourage students 
to Isolate the variables Inherent within a problem and* thenp formulate 
reasonable hypotheses which may account for the principles of causality. 
In essence, students are urged to learn the content of a specif ic 
scientific discipline while developing and utilising problem solving 
skills. Previous research has illustrated that problem solving skills 
can be enhanced by eKposlng students to specific strategies designed to 
encourage isolating and relating variables by asking questions or 
generating hypotheses about a discrepant event (Suchman* 1962b i Quinn, 1971 
Wright, 1974). However, none of the previous work Included oomparlsons 
of various hypothesis generation Intensive InstTOCtlon methods or 
asseesments of the value of prior instruction during peer group discussion. 
Therefore, the purpose of this investigation was toi 
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a, compare the effects of various hypothesis generation intensive 
instruction procedures on the ability of ninth grade students 
to generate written hypotheses and information search questions 
about a discrepant events and 

b, determine if students i who have received hypothesis generation 
intensive instructioLij in a setting free of peer interactions, 
exhibit a greater diversity ui qusBtions during a group 
discussion and greater v/rittBn hypothesis generation behaviors 
after the discussion. 



Procedures 

The intact science classes of two ninth grade science teachers 
in a suburban junior high school comprised the participants for this 
study. Since 205 students were involved in the final analyses i forty-one 
students were present in each of four instruction groups and one control 
group* VJhile the assignment to each group wag random, there was 
s tratif ication-=-according Lo the sex composition of each intact class--* 
for the sex of the individuals. The procedures for the four instruction 
groups included^ 

a, listening to general instructions about hypothesis forrriation 
and watching an introductory discrepant event , 

b, watching the intensive instruction discrepant event until six 
acceptable hypotheses were written, and 

Ct individual discussions during which the invegtigator evaluated 
each of the siK hypotheses by one of the following predetermined 
standards i 

1, differentiated reinforcement and criteria group"each of ; 
the hypotheses had to meet a pradetermined level of accaptabiHty^ 
and, after each was statedi the student was both positively / 
reinforced (e-g* good) and told the critaria for good 
hypothesis formationp 

2, undifferentiated reinforcement and criteria group-^-each of : 
the hypotheges had to meet a predetertnintd level of acceptability- ° 
and, aftef maoh was stated, the student was only told the. 
critaria for good hypothesis formationi 
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3. differentiated rGinf orcement only groups — each of the 
hypothesGS had to meet a pradetermined level of aGceptability 
and, after each was stated* the student was only positively 
reinforced (e ,g . good) , ot 

4. undiif erentiated reinf orcement only group — had to generate 
six hypotheses andj after each was stated, the student 
received only acceptance (e.g. I can accept this hypothesis) , 

The control group only listened to general instructions about hypothesis 

formation and watched the introductory discrepant event. All the discrepant 

events were selected from the Inquiry Development Program Films (Suchmani 1962b) 

Upon completion of the instruction sessions for all the eKperimental 
groups j the participants from both science classes during each period 
were shown another Inquiry Development Program Film (discrepant e^^^ent) and 
were requested to write as many hypotheses as possible. Thenj another 
film was shown and the participants were requested to write as many 
questions as possible which would provide information to help eKplain 
the discrepancy. Five days latere group discussions began using one 
experimental group during each class period until all the eKperimental 
groups had completed the discussion (five days). During the discussioni 
the students observed another Inquiry Development Program Film and| then 
had the opportunity^ to voluntarily, ask questions to the investigator 
about the discrepant event. The questions were specific so they could 
be answered with yes or no* After twenty questions i the discussion 
was terminated and the students were requested to individually write 
hypotheses that might eKplain the discrepancy. 

Thus, this study gathered data about seven dependent variables! 

a, both the quantity and quality of wfittan hypotheses following 
intensive instructionp 

b, both the quantity and diversity of written information search 
questions following intensive instruction, 
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G, the divarsity o£ infurmaLion search questions during the 
,jvQUp discudsions and 

d, both the quantity and qualify of writtan hypotheses after 
the group discussion* 

The dependent variables for written results were analyzad utiliEing 

planned Go:nparisons which were furtner delineated by the Xav/man^Keuls 

or Duanett analyses . Finrl.lVs the analysis of covariance was Gonducted 

to determine the effect of previous exposure to written hypothesis 

generation on hypothesis generating ability after the group discuBSion- 

ihe level of significance which was needed to support the hypothesis was 

0.05. 

Conclusions 

The findings of this study lead to the formation of several conclusions. 
It should be emphasized, howyverp that each conclusion is restricted by 
the procedures employed (pp. 0 and the llnitations of this study (p * 22)* 

1* The Methods of hypothesis generation intensive instruction which 
employed differentiated reinforcement, whenever a hypothesis of a predeter:;iined 
standard was generated, were more effective than no hypothesis generation 
intensive instruction (control group) in promoting a greater quantity of 
written hypotheses about a discrepant event following instructicn* Further, 
while differentiated reinforcement intensive instructioA was better than no 
instruction J there were no significant differences in the quantity of written 
hypotheses between the four intensive instruction groups. Therefore, differenti 
ated reinforcen^ent (either alone or with criteria) is only superior to no 
inotruction and equal to other fornis of Intensive instruction for the quantity 
of writtsn hypotheses following intensive instruction. 



127 



Ill 

2, Those partiGipants who received differentiated reinf orcament 
intensive ins true tton (alone or iu combination with criteria) or undiffer- 
entiated reinforcement and criteria intensive inscruction produced a 
significantly higher quality of written hypotheses follo^/7ing instruction 
than participants who received either (a) only undifferentiated reinforcement 
or (b) no intensive instruction. In addition, there was no significant 
difference between either of the differentiated reinforcement intensive 
instruction groups and the undifferentiated reinforcement and c::iteria 
group. It sesMs reasonabls to conclude that thp. presence of differentiated 
reinforcement and the addition of criteria does not er^hance the quality of 
written hypothesis generation following intensive instruction. Although 

the presence of differentiated reinforcement * criteria or both cause a 
Bigrificant improvement in the ability to generate a high^ar quality of 
hvpotheses following intensive iustructioni differentiated reinforcement 
alone is sufficient to cause the same result. 

3, :^Ione of the fo^^r methods of hypothesis generation intensive 
instruction improved the ability of the partJcipants to generate a 
significantly higher quantity or diversity of written information search 
questions about a discrepant event following intensive instruction (when 
corapared to no intensive instruction) . 

4, Differentiated reinforcement only hypothesis Intensive Instruction 
was found more effective than no Intensive Instruction (control group) in 
promoting a higher quantity of written hypotheges after the information 
search group discussion. There were no significant differences among the 
four Intensive instruGtion groups, AlsOi no significant differences were 
detected between the other three intensiva instruetion groups and the 
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control group. Therefore, incensive instruction which g:^.ves only 
dif ferentiatad reinforcement to participants is signif icantly better 
than no Intensive instruction but not significantly different to the 
other foriiis of intensive instruction after the group discussioni 

5. FarticipauLb whn reLaivad the cLiterxa (either with differentiated 
or undif f erenUia ted raitif orcememt) 5 as the r:ondition of hypothesis generation 
intensive instruction, produced a higher quality of written hypotheses 
after the group discussion than participanta who aether (a) received only 
undifferentiated rainf orcement ^ or (b) received no intensive inetruetion. 
There was no difference in the quality of hypotheses when each criteria 
group was compared to the differentiated reinforcement only group. So 
giving criteria about good hypothesis formation was only more effective 

than no intensive instruction or only undlf f erentiatt^d reinforcement 
for the quality of written hypotheses following the group discussion* 

6. Mone of the four forms of hypothesis generation intensive 
instruction significantly effected the divfirsity of questions submitted 
during a group discussion when compared to no Intensive instruction 
(control group) * 

7. The analysis of covarlance indicated that those participants 
who received criteria as a form of intensive instruction were not affeGted 
by prior eKposure to written hypothesis generation when this group of 
participants generated a higher quality of written hypotheses than 
participants who received no intensive Instruction. However p the erlttrla 
only participants generated hypotheses of equal quality as the partlcipwits 
from the other intensive instructiou groups* 
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Tho above conclusions arc important because they indicata that a 
variety of hypothesis generation intPnEive instruction methods can be 
used to increase the quantity and/or quaiity of hypothesis generation, 
Basicaliyi intenBive instruction which emphasizes differentiated 
r'iinforccment is significantly better to no intensive instruction in 
promoting a higher quantity of hypotheses following intensive instruction. 
Likewise^ for the quality of hypotheses following intensive instruction, 
either undifferentiated reinforcement and criteria or differentiated 
reinforcement and criteria ^ or differentiated reinforcement alone are 
the most eirective for:ns of instruction when compared to no intensive 
instruction and only undir f erentiated reinforcement intensive instruction. 
Since there is no difference between the differentiated reinforcement 
and criteria groups ^ reinforcement £.lone as an intensive instruction 
method is sufficient to produce a higher quality of written hypotheses. 
This Gonclusion substantiates the findings of l/right (1974) who used 
only positive reinforcement (e.g. good) as the intensive instruction 
condition in his work with ninth grade students. In sutmnary, the methods 
of intensive instruction which emphasize differentiated reinforcement 
(either alone or with criteria) are most effective for written 
hypothesis generation following Intensive instruction. 

For written hypothesis generation after a group discussionp dif £ erantiated 
reinforcement alone was only significantly different (better) than no intensive 
instruction for the quantity of hypotheses. Further ^ a form of criteria 
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(with differentiated or undifferentiated reinf orcemeut) intensive instruGtion 
was the superior luathod for a higher quality of written hypotheses after 
the group discussion. It appears 3 thereforei that the effeet of differentiated 
reinforcement on the quality of hypothesis generation is short-term* The 
provious statGinent is consistent with studies in concept attainment which 
found that students best attain and utilize a concept by instruction methods 
which allow the student to discover the concept with practice in applicatioa 
(GagnS and Brown, 1961; Wittrockj 1963) • 

In addition^ it is interesting to note that this study-=-unlike 
pravious work-^-utilized two forms of reinforcement. The differentiated 
forra eiaployed three different terms (good, very gQod| and eKcellent) which 
corresponded to each of three levels of acceptable quality hypothesis 
generation during intensive instruction* The undif £ erentiaced form, on 
the other hand, merely utilized acceptance (in the absence of positive 
terms) for contributed hypotheses which either did or did not reach a 
predetermined level of acceptability depending upon the intensive 
instruction group. VJhen each form of relnf oreement is eKamined in 
terms of the quantity and quality of written hypotheseif worthwhile 
observations becorae apparent. 

Vmlle no statistical differences occurred between the differentiated 
reinforcement only group and the undifferentiated reinforcement only group 
for the quantity of written hypothesesi significant differenGes did occur 
in favor of the differentiated reinforcement only group when compared to ; 
the control group (both after intensive instruction and the group dlsousslon) 
These findings are consistent with the work of Byers (1963) who £o\md 
positive reinforcement (in tem^ of selecting correct alternatives) 
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increases the frequency o£ hypothesis formation. Further, for quality 
of written hypotheses, differentiated reinforcement Mm the Important 
factor for significantly better hypotheses following intensive instruction. 
Although this finding did nut continuW for long-term hypothesis ieneratlon, 
ic is crucidl for short=term improvement in hypothesis generating behaviors 
l.Hat the preceeding discussion indicates Is that undifferentiated reinforce- 
ment may be useful as a precursor of differentiated reinforcement In the 
shaping ot quantity and, then, quality hypothesis generation, ruture study 
should investigate the specific effects of reinforcement (e.g. words used, 
trequency) on the entire process of hypothesis generation. 

The significance of the conclusions is that each illustrates that 
hypothesis generation behaviors of ninth vrade students can be Improved by 
specific intensive Instruction methods. The study indicate: that students 
possess the cognitive ability to formulate acceptable hypotheses and Intens 
instruction further enhances these abilities. 

Implications 

The implications suggested by the conclusions are important because 
each offers ideas of specific value for classrooin Instruction. 

1. If it is desirable to promote an immedlata higher quantity of 
hypotheses about a discrepant event, then students should be given verbal 
differentiated reinforcement as part of the inteneive instruction. 
Differentiated reinforcement is logical since it encourages students to 
continue the generation of hypotheses. Giving students only criteria or 
only practice at writing hypotheses is not as effective since students 
are probably hesitant to generate hypotheaes which do not meet acceptable 
criterin. 132 
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2. Since .^t least one form of intensive instructlon-^reinf orcement , 
criteria, or both-^is necessary to produce a higher quality of hypotheses 
following intensive instruction^ the implication is that students can 
determine what constitutes an accap table hypothesis either by being told 
the criteria or by gaining confidence through differentiated reinforcement 
to tiguru out the criteria* Therefore^ teaching strategies should involve 
a predeter:uined level of acceptability and one of the above intensive 
instruction mcith^ads. It should be noted that the differentiated reinforQe- 
inent ^titensivtt ins tructioii methods improve both the quantity and quality 

of written hypothesis generation following intensive instruction* 

3. Since both the quantity and diversity of written questions 

were not significantly effected by hypothesis generation intensive instruction 
the instruction did rLot cause students to change their approach to isolating 
variables by qaestionlng but merely by hypothesizing* These results are 
at variance with Wright (1974) who intensively instructed ninth grade students 
by positive reinforcement (e.g. good) and by asking if they had further 
hypotheses or details about the discrepant event. Further ^ when Wright 
assessed the impact of the intensive instruction he used oral rather than 
written measures. Iti addition^ Salomon (1970) , working with college 
students and written measures of information search questions* found a 
significant difference due to intensive instruction. The findings of 
Wright and Salomon^ when considered with the findings of this study * 
indicate further research must be conducted to datemlne the effect of 
hypothesis generation intensive instruction on inforaatlon search 
questioning behaviors. 

4. Even after a group discussion, previous dlf £ ef entiated reinforcemen 
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as an instructional condltinnj yielded a higher quantify of hypotheses. 
This implies that differentiated reinforcement gives students confidence 
to generate hypotheses. It is inportant to note that, aniong the intensive 
instruction groups 5 there were no differences, but the reinforcement only 
group wari siguii- icantly better than no instruction « This iuiplies that| 
unless students receive reinforcement, the quantity of hypothesis generation 
is not increasod* 

5. The i/iplication is strong that criteria as an intensive 
Instruction co ad it: ion is iMportant to increase the quality of hypotheses 
after a group discussion since students could recall the appropriate 
criteria. The interesting fact is that the group which received both the 
differentiated reinforcement and criteria was significantly better for 
quail uy but not quantity after the group discussion* This tends to indicate 
that criteria instruction is effective due to a clear understanding of what 
is expected since it does not compete with the desire to generate a greater 
number of hypotheses (regardless of quality^ for the purpose of receiving 
praise (differentiated reinf orcenient) . 

6* The conclusion that instruction f^.oes not enhance diversity 
of group inf orination search questioning implies again that students did 
not iaodify their approach to isolating variables by quastionlng as a 
result of intensive instruction. Further » in the group setting individuals 
with extremely coinplex or evaluative questions may have been hesitant to 
volunteer theni due to adverse peer pressure. Nevertheless 1 the differences 
in hypothesis generation behaviors indicate students did improve their ability 
to isolate and explain the relationship between variables • Unfortunately, 
this improvement did not manifest itself by either the individual '^^ritten 
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or the gt'oup discussion tni tnrmation saarch activities. Since the presei>t 
study only amployed twenty quastions — -as ths extent of the group discussion 
future research should attempt to datermina tha effect of an increasing 
number of questions (e.g. twenty--f ive^ forty, seven ty-*f Lve) on tha 
diversity of quastions contributed during the group disGUision* 

7. Since the elf act of previous axposure to hypothesis generation 
is not apparent with the participants who received criteria only for the 
quality of written hypo theses > tha implication exists that when students 
know the criteria they can utilize additional information* It could be 
these participants ware not confusad in their approach to solving problems. 

8# Further, the successful implementation of the instructional 
procedures in a secondary school setting implies that most teachers could 
devise similar methods to teach hypothesis formation through intensive 
instruction models. 

In suuimarys the implications of the present study are worthwhile 
for educators to consider in planning activities to promote the goals 
of inquiry instruction* In the short-termi intensive instruction which 
emphasises only differentiated reinforcement as a condition of instruction 
is superior to other forms* However, for the long-termi instruction which 
emphafizes criteria as the method of hypothesis generation Intensive 
instruction is preferable. 

Recommendations 

As a result of this investigation j several reeonwiendation.s for 
further study are Important to mention. 

1. This investigation should be repeated to see if the same 
results are achieved by junior high atudente. 
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2. This investigation should be repeated to determine if the 
same results are achitived by senior high students. 

3. The inveBtigation should be repeated with individual oral 
responses collected from each individual instead of written responses. 

4. The investigation should be repeated using the same Instructional 
prpcedures but: the group discussion should be varied in the following ways: 

a. allow the students to ask as raany questions as they desire 
and i\Qt the twenty question limit imposed by this studyp 

b. combine the various incensive instruction groups during 
the discussion^ and 

c- allow the entire class (all experimental groups) to 
siinultaneously participate* 

5. Since development of formal reasoning skills depends on several 
factors as age and correlated to factors as grades (Say re and Ball, 1975), 
in would be interesting to assess the correlation between the various 
intensive instruction rnethods which are best to utilize for specific 
student traits (e.g. grade point average), 

6. The form of stimulus for the discrepant events should be 
varied. Suggested formats included (a) live demgnstration, (b) videotape 
recordings^ and (c) discrepant events where students present the discrepancy 
either on film or in a live setting* 

7* The correlation between diversity of information search questloni 
and hypothesizing behaviors needs to be determined, 

8* A scale should be developed to better equate information search 
questioning diversity with hypothesis generation. 

9* The effect of increasing the number of acceptable hypotheses 
required during intensive instruction should be assessed. 
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10, The affects of specific rainf orcement techniques should 
be examined to include the followiiigi 

a, the effect of specific words (e,g, good, veiy good, 
excellent) as differentiated reinforcement, 

b* the effect of specific phrases as undifferentiated 
reinf orceinent (e.g* I accept this hypotheiis. This 
hypothesis is acceptable) , and 

Ct the effects of a miKture of reinforcement (eig* vary 
the words or phrases after each hypothesis). 
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PRINCE GCORGE'n COUNTY PUHi IC SCHOOLS 



OrUflnC ANDERSON, JR, 




122 

KARL TASRHENy EHOER 



UPPER MARLBDRD. MD. 20B7D 

Dear Parent p 

Because of my interest in developing teaching methods which will enhance science 
instruetien» 1 am on educational leave frew Our Public School System to pursue my 
doctorate in Science Education at the University o£ Maryland* The purpose of ay 
research study is to determine ways which will htlp students generate better hypotheses. 

Basicallyp this study will not Interfere with nornal class instruction* The 
procedures will be part of regular claas activities for a few days. Ttose will involvei 

a» the random placing of itudents into one of five groups » 

b. the presentation of a lesson to each group in a setting removed 
from the classroomf 

c. the participation of all the groups In a class discussion when the 
students* written and verbal responses will be recorded, and 

d. the analysis of the •tudenti* responses. 

The Instruments that will be utillied are the Hypothesii Quality Scale and the 
Diversity of Inforitatlon Search Scale. Both of thesa will be available for your review 
at the schools Further, the Instruments do net refleet tl^ science ability or potential 
of your child but merely the success or failure of the study* Your child will remain 
completely anonymoui dying and after the study . TO llgirai THIS,.NO GH1U>'S NAME WILL 
BE irKILUDED ON DATA OATHHIKG SHEETS OR TAFESI 

In accordance with existing Beard of BducatlM Follcyi Mr* Attderson and I are 
Informing and requesting permission for your child to participate. If you have any 
questions » please call m at 86^«»S9S1* We would appreciate the retwn of this form 
within a week. 

Thank you for yaur cooperation. 

Sincerely, 
Chris A. Fouler 




I do give permission for my child 
to participate In the above study. 



Name of Student 




I do not give permission for my child 
to participate in the above study* 
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DISCMPMT EVENT FILM QUESTIONNAIRE 



ERIC 



123 

140 



124 



1- 






rt 
























Q 












N" 










1 


ft 






\ " 






Q 


iO 










tn 


^< 








6 




rt 






< 






51) 


Pi 


m 




;« 








ii 


C 












rt 


1^ 






g 






1 


C/5 































£3 



fD fD 
ft, rf 

ft 



Q 

ft) 

fti 



3 

















1 — 






















1 


I 

i 




j 

( 


i 
i 


I 
1 

1 


! 
i 

1 









} ^ 


1 






1 




1 ^ 




*P 




I 




1 ^ 






■^ 




'3 




[s 








IS 


< 






if 








Ii- 












II 










1 






.J 


> 








ii 






i? 


' *^ 










i 






ir 








is 










s 








































a" 








ft 






ft 




• 





n 










H 




























i| 












!1 


flD 


f^ 












I-' 






e 


















S 


is- 








? 


e 




n 




In 


















f^ 










rt 








Q 










s 






rr 






























s. 




















i 




























































S 




m 






ft 








Q 

































i! % 



2 

IS 
is- 



.0 



The Restaurant 

The Knife 

The Ice Cubes 

The Sailboat arid tha Fan 

Drinking Boiling Car fee 

The Cannon 



a 





fD 














f^ 
















rh 


f^ 










b* 




















n 




















o 






H 




b 








% 




fl5 




P 






rr 






fti 


ft 
















ft 






O 




rr 




















P 




n 












s 




c 


o 




Q 








• 








PI 






% 






f? 
























Gl 








rtj 






Q 




P 


H 















141 



t 

APPENDIX III 
HYPOTHESIS A1;d QUESTION EVM.UATION INFORMATION 
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INSTRUCTIONS I After viewing "The Sailboat and the Fant" please rata 
each of these student hypotheses by using the number 
that "best*' fits each. 



1. The boat didn't move because maybe the air wasn't In a 
certain angle , 

2* The boat didn't move because there was not enough air to 
push the boat and the fan both. 

3, The boat didn't move because maybe there were two speeds 
on the fan and the first time he stuck the speed on high 
and the second it was on low- 

4* Tlie tank of ^^ater may have been tilted the first time and 
not the second . 

5, The man may have docked the boat to something so it would not 
mova the second time* 

6p Maybe the second time the fan only circulated the air around* 
7* It could have been magic* 

8. It could have been because of the thickness of the material 
of the sails • 

9, The water could have been moving the first time and stayed 
still the second, 

10. The wind from the fan was blowing at the sail and not getting 
caught into the sail to make it go. 

Hi The ship moved the first time since the fan was moving along 
with the boat * 

12. The boat was not in the same position. 

13* A magnet could have been on the bottom* 

14. When the fan is lifted the boat is light and can move freely * 

15* The first time the wind was not hitting the pole on the eall 
and the second time It was . 



143 



127 

Hyp© thee is Quality Scale 

The following was devised by Qulnn (1972) and utilized by Quinn (1972) 
md Wright (1974) in hypothesis generation studies. Hypotheses are rated 
by the experimenter using the number thac corresponds to the description 
that bast '-fits" the generated hypothesis. 



Points Classification 



0 No explanation: for exanple a nonsense statementi a question, 

an observation* a single inference about a single concrete object 

1 IJonscientif ic explanation: for example, * , because it"S magic" 
or '^because the man pushed the button." 



2 Partial scientific explanation: for example, Incomplete reference 
to variables, a negative explanation, analogy 

3 Scientific explanation relating at least two variables in general 
or nonspecific terms 

4 Precise scientific eKplanation, a qualification and/or 
quantification of the variables 

5 Explicit statement of a test of a hypothesis (An inference is 
Liade here that the child who states a test can also hypothesize 
adequately and precisely*) 



144 



128 

INSTRUCTIONS: After viewing "The Ice Cubes," please rate each of these 
student hypotheses by using the category that "best" fits 
each* 

CATEGORY: 

1, Were the two cubes ice? 

2. Did each glass have the same amount of liquid in it? 

3. Did he put something in one of the cubes that would make 
It float? 

4- Did he use the same ttmparature liquid in each glass? 
'5* Was the table level? - 

6. Did the man put a solution in the glass when h^ pushed 
"'^"^ the ice cube down? 

7* Does the heat of the man's hand have any effect on the cubes? .: 

8* VJere the liquids greater than room temperature when the cubes ; 
were added? 

9. Was there cold air blowing over one of the glasses? ^ 
_____ 10* flevm the cubes the same weight? 

11. Did the ice cubes have the same deniity? 
^ 12* Are both cubes fully frozen? :\ 

13* Could one glass have salt water in It? 

14. Was the spoon made of plastic? ;J| 

■ ■ ■■■^'^ 

15. Did the man have something on one of his hands rubbing : | 
□£f on one of the cubes? :!v* 
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DIVERSITY OF INFORMATION SE^CH SC^E 

The following scale wag deviied by Suetaian to determins the 
divereity of quesclons duiflng an information learah aetlvlty, Wright 
(1974) found it applicable for the analysis of questions generated by 
ninth graders, Baalcallyi a question is clasiified into one of the 
siKteen categories* After all the questions have been classlfiedi 
matheiaatlcal manipulations make it possible to determine the diversity. 





Events 


Objects 


Conditions 


Properties 


Verification 
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Synthesis 
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A question is classified into one of siKteen categories which are 
defined as^ 

a, Events-Prefer to the occurance of events (e*g. Did Ke wipe the blade?) 
ectB---refer to the nature of objects (e.g. VJas the liquid watar?) 



c. Condi tions^-^refer to the states of an object, in this conteKt conditions 
can vary and are defined by numbers (e.g, Was the temperature of the 
water 85o f?) 

d. Proper ties-'-refer to properties p in this context properties do not 
vary and refer to constant characteristics (e.g. Does an ordinary 

knife bend when heated?) , ;V 

e. Veriflcatlon--if the question seeks to Identify or verify some 
aspect of the entire filmloop sequence, 

EKperlmentatlon— if the question seeks to ascertain the consequences , ^ 
of some hypothetical change in the eKperiment presented in the film, 

g. Necessity—if the question seeks to determine whether a particular 
aspect of a phenomenon in the film was necessary for the outcome v:^g 
(cause and effect), and -^^^^'1 

h. Synthesis—if th% question geeks to determine if a particular idea or,;^JJ 
theory of causation is valid and explains totally or some aspect of M 
the experiment* 



APPENDIX IV 

INDIVIDUAL VALUES FOR THE SIX 
"JRITTEN DEPENDEilT VARIABLES 
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TMLii: 29,-'-i;r±tten hypothasis and question values for each individual 
participating in the study 
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